IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



the application of: John L. Schenk, 
Alison C Lindsey 

Application No.: 10/522,320 

Filed: July 22, 2003 

For: Sperm Cell Process System 

Attorney Docket No,: XY-Optimum-USNP 



Mail Stop AF 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



CERTIFICATE UNDER 37 C.F.R. § 1.10 FOR "EXPRESS MAIL" 

Date of Deposit: December /3, 2010 Express Mail Label No.: EM527204329US 

I hereby certify that this document along with Exhibits ^ are being deposited with the 
United States Postal Service on the date indicated above in an envelope as "Express Mail 
post Office to Addressee" service under 37 C.F.R. § 1.10 and addressed to the 
Commissioner for Patents, P.O. Box 1450, Alexandria, VA 223 13-14^0, sj 

Lioudmila Townsend 



Confirmation No.: 6962 

Group Art Unit: 1657 

Examiner: Gough, Tiffany Maureen 
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Dear Sir/Madam: 

John L. Schenk and Allison C. Lindsey, the applicants in the above-identified patent 
application, declare as follows: 

1. That sometime prior to March 22, 2002, John L. Schenk ("Schenk") and Allison C. 
Lindsey ("Lindsey") employees of XY, Inc. (now XY, LLC)("XY") the assignee of the above- 
identified patent application ("Assignee") conceived of the method of separating sperm cells 
which includes the steps of: obtaining semen from a species of mammal which contains a plurality 
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of sperm cells and incubating the semen prior to staining to maintain a temperature above which 
sperm cell membrane lipids transition from a liquid phase to gel phase of between about 5°C and 
about 25°C, staining the sperm cells with a DNA binding stain for a period of time of about 25 
minutes to about 60 minutes, thereafter determining a sex characteristic of a plurality of the sperm 
cells which allows separating the plurality of sperm cells based upon the sex characteristic into an 
X chromosome bearing population and a Y chromosome bearing population, and collecting at least 
one of the X chromosome bearing population and the Y chromosome bearing population (the 
"Invention") as described in the above-identified application (the "Application"). 

2. That sometime prior to March 22, 2002, Lindsey commenced reducing the Invention to 
practice by way of experimental trials to determine the effect of various factors during staining 
of sperm cells on sperm viability and resolution of sperm cells during separation into X 
chromosome bearing and Y chromosome bearing populations. Now produced and shown to me 
and marked Exhibit A is the document entitled "Prelim. Exp. 1 -Seminal Plasma X Sperm 
Concentration During Staining" which evidences that Lindsey tested the effect of seminal plasma 
concentration and sperm cell concentration on sperm cells immediately after staining and after 
storage in a cold room for 1 8 hours (dates prior to March 22, 2002 redacted). Now produced and 
shown to me and marked Exhibit B are bar graphs which illustrate the results of Prelim. Exp. 1 - 
(page 1, second column of graphs Seminal Plasma: Stallion A, Seminal Plasma: Stallion B, and 
Seminal Plasma: Stallion C) (dates prior to March 22, 2002 redacted). 

3. That sometime prior to March 22, 2002, Lindsey continued to reduce the Invention to 
practice by way of further experimental trials to determine the effect of type of extender, seminal 
plasma concentration, and stain concentration on sperm viability and resolution of sperm cells 
during separation into X chromosome bearing and Y chromosome bearing populations. Now 
produced and shown to me and marked Exhibit C is the document entitled "Experiment 2: 
Extender, Seminal Plasma & Stain Concentration" which evidences the experimental design used 
to test the effect of extender type, seminal plasma concentration and stain concentration on 
sperm cells collected from a male mammal immediately after staining and after storage in a cold 
room for 18 hours (dates prior to March 22, 2002 redacted). Now produced and shown to me 
and marked Exhibit B are bar graphs which illustrate the results of Experiment 2 (entire 
document) (dates prior to March 22, 2002 redacted). 
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4. That sometime prior to March 22, 2002, Lindsey further continued to reduce the 
Invention to practice by way of experimental trials to determine the effect of staining pH, time, 
red food dye, and methods to stimulate motility on sperm viability and resolution of sperm cells 
during separation into X chromosome bearing and Y chromosome bearing populations. Now 
produced and shown to me and marked Exhibit D is the document entitled "Prelim. C 
Experiment 2" which evidences the experimental design used to test the effect of effect of 
staining pH, time, red food dye, and methods to stimulate motility on sperm cells collected from 
a male mammal immediately after staining and after storage in a cold room for 1 8 hours (dates 
prior to March 22, 2002 redacted). Now produced and shown to me and marked Exhibit E are 
bar graphs which illustrate the results of Prelim. C Experiment 2 (entire document) (dates prior 
to March 22, 2002 redacted). 

5. That sometime prior to March 22, 2002, Lindsey further continued to reduce the 
Invention to practice by way of experimental trials to determine the effect of storage temperature 
on sperm cells, prior to staining and separation into X chromosome bearing and Y chromosome 
bearing populations. Now produced and shown to me and marked Exhibit F is the document 
entitled "Proposed Protocol-Stallion Fertility Trial-A Comparison of the Effects of Shipping 
Temperature (5°C and 15°C) and Method of Insemination (Hysteroscopic or Rectally Guided) on 
the Fertility of Sex-Sorted Stallion Sperm" which evidences the experimental design used to test 
the effect of storage of sperm cells at either 5°C or 15°C prior to staining and sorting (dates prior 
to March 22, 2002 redacted). 

6. That sometime prior to March 22, 2002, Lindsey summarized the results of several in 
vivo studies to determine the effects of type of media, shipping temperature, sperm concentration 
during staining, stain concentration during staining, pH during staining, osmolality during 
staining, length of staining, and sperm assay methods. Now produced and shown to me and 
marked Exhibit G is the document entitled "Summary of Equine Trials" which evidences the 
experimental design and results of several experiments including Experiment 2c which evidences 
that sperm samples stained for less than 60 minutes contained fewer percent dead and exhibited 
better resolution than those stained for 60 minutes." and Experiment 2d which evidences that the 
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temperature at which sperm cells stored has an effect the post storage and post stain motility and 
percent dead of sperm cells (dates prior to March 22, 2002 redacted). 

7. That sometime prior to March 22, 2002, the results of the experiments described in 
Paragraphs 2-6 of this Declaration were reduced to articles and submitted to Equine Veterinary 
Journal for publication. Now produced and shown to me and marked Exhibit H is a document 
entitled "Facsimile Transmittal" which evidences that Lindsey submitted corrected proofs of the 
articles entitled "Hysteroscopic Inseminaton of Low Numbers of Flow Sorted Fresh and 
Frozen/Thawed Stallion Spermatazoa" and "Hysteroscopic Insemination of Mares With Low 
Numbers of Nonsorted or Flow Sorted Spermatazoa" each cited in the Office Action relating to 
the Application mailed June 23, 2010 on page 4. Now produced and shown to me and marked 
Exhibit I is the proof of the journal article entitled "Hysteroscopic Inseminaton of Low Numbers 
of Flow Sorted Fresh and Frozen/Thawed Stallion Spermatazoa" corrected by Lindsey. Now 
produced and shown to me and marked Exhibit J is the proof of the journal article entitled 
"Hysteroscopic Insemination of Mares With Low Numbers of Nonsorted or Flow Sorted 
Spermatazoa" corrected by Lindsey (dates prior to March 22, 2002 redacted). 

8. That. during the period between submission of the articles to Equine Veterinary Journal 
and July 22, 2002, Lindsey provided information to attorney Craig Miles ("Miles") then 
employed by Santangelo Law Offices ("SLO") for the preparation of a United States Provisional 
Patent Application. 

9. That Miles prepared and filed the United States Provisional Patent Application with the 
USPTO which was assigned Serial No. 60/400,486 and a filing date of July 22, 2002 (the '486 
Application". Now produced and shown to me and marked Exhibit K is a copy of the '486 
Application as filed July 22, 2001 . 

10. That each of Lindsey and Schenk believe that this Declaration along with the cited 
Exhibits provide evidence which is of a character and weight, that establishes a reduction to 
practice of the Invention prior to the effective date of the Allison references (Equine Vet. 
Journal, March 2002, p. 128-132 and Equine Vet Journal, March 2002, p, 121-127) cited by the 
United States Patent and Trademark Office in the Office Action mailed June 23, 2010, or 
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conception of the Invention prior to the effective date of the Allison references coupled with due 
diligence from prior to said effective date to a subsequent reduction to practice or to the filing of 
the '486 Application. 



1 1 . That all the acts of conception and reduction to practice occurred after December 8, 1993 
in the United States, a NAFTA country, or a WTO member country. 

12. The Declarants further state that the above statements were made with the knowledge that 
willful false statements and the like are punishable by fine and/or imprisonment or both, under 
Section 1001 of Title 18 of the United States Code and any such willful false statement may 
jeopardize the validity of this application or any patent resulting therefrom. 

Dated this ^ day of December, 2010 




John L. Schenk/Inventor 



Assignee, XY, LLC 



By: 



Thomas Gilligan, General Manager 
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conception of the Invention prior to the effective date of the Allison references coupled with due 
diligence from prior to said effective date to a subsequent reduction to practice or to the filing of 
the '486 Application. 

1 1 . That all the acts of conception and reduction to practice occurred after December 8, 1 993 
in the United States, a NAFTA country, or a WTO member country. 

12. The Declarants further state that the above statements were made with the knowledge that 
willful false statements and the like are punishable by fine and/or imprisonment or both, under 
Section 1001 of Title 18 of the United States Code and any such willful false statement may 
jeopardize the validity of this application or any patent resulting therefrom. 

Dated this day of December, 201 0 



Allison C. Lindsey/Inventor 




Assignee, XY, LLC 



By: 



Thomas Gilligan, General Manager 
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Staining Optimization Trial 
Prelim. Exp. 1 

Seminal plasma x sperm concentration during staining 
Objectives: 

1 . To determine if additional seminal plasma during staining has an effect on 
viability or resolution enough to warrant inclusion in a more in-depth, closely 
controlled trial. 

2. To determine if sperm concentration during Staining has an effect on viability or 
resolution enough to warrant inclusion in a more in-depth, closely controlled trial. 

Scope: 

A. 3 stallions 

Burn Cutter Dandy Boy A 
b. Sylekt h 
. c. Scotti ( - 

B. 2 seminal plasma concentrations during staining 

a. No additional seminal plasma 

b. 10% additional seminal plasma during staining 

C. 3 sperm concentrations 
a. 50 x 1 0 6 sperm/mL 

% 150 x 10 6 sperm/mL - : - • 

c. 450 x 10 6 sperm/mL 

Design: •:. . 

Collect stallions 

Evaluate sperm for volume, concentration, and motility 
Remove 3ml from each raw ejaculate for seminal plasma 
preparation. 

a. Aliquot the semen into equal volumes of 1 .5 ml in 2 ml 
Eppendorf tubes 

b. Centrifuge the raw semen for 20 min. using the Beckman 
Microiuge E centrifuge 

c. Carefully pour the supernatant from each tube and pool 
volumes 

d. Filter the seminal plasma into 2-r2ml Eppendorf tubes using a 
.22 imcFonsyrihge filter 

e. Requited seminal plasma' volume for each stallion/day is 300^1 

f. Store 1 tube of seminal plasma from each stallion in cold room 
ftfrTBh evaluation 

Exterifl the remainder of ejaculates to 25 x 10 6 sperm/mL in KMT 



: 1 :00pm . A. 

B. 
. C 



EXHIBIT A 



a. Package 2 bags/stallion for evaluation at 1 8h 

b. 40 ml in whirlpak, room temp 

E. Centrifuge remaining ejaculate at 600g, 1 0 min. 

a. 40 ml in each 50 ml conical tubes 

b. No less than 3 tubes per stallion 

F. Aspirate supernatant to -1 .5 ml per tube 

G. Gently resuspend pellet with transfer pipettes (pellets are very soft) 
H Pool all pellets from similar stallions and mix thoroughly 

I Count hemacytometers for each stallion (3 stallions) 

a. 230|il kill solution: 10^1 sperm 

b. 4 chambers/stallion 

J. Prepare staining tubes for each stallion as follows: 

a. 50 x 10 6 sperm/mL, No additional seminal plasma 

b . 1 50 x 1 0 6 sperm/mL, No additional seminal plasma 

c. 450 x 1 0 6 sperm/mL, No additional seminal plasma 

d. 50 x 1 0 6 sperm/mL, 1 0% additional seminal plasma 

e. 150x 1 0 6 sperm/mL, 10% additional seminal plasma 
f 450 x 1 0 6 sperm/mL, 1 0% additional seminal plasma 

1 . For 1 0% seminal plasma treatments, replace 1 OOjil 
of required extender with filtered seminal plasma 
K. Incubate all samples for lh in water bath 

L. Add 1 ml extender with food dye (wanned) to all stained samples 
M. Filter samples 

N. Evaluate sperm samples for motility, live/dead, and resolution 

a. Dilute samples in EZ Mixin for motility evaluation 
i. 7p|il EZMixm: 10(jl sperm; 

b. Run samples on>fk>w fo^ve/dead analysis^and resolution * 
score ,, 

i. -Subjectively analyze the resolution of each sample - 
, minor tuning maybe required.' 
■ . ii. Score the resolution on a scale of 1-10. 
;•' i. 1 =Best . 

2. 5 -Flat 

3. 10 = Poor 



Repeat steps E thru N using the stored sperm samples 
Samples should be ready to run at 10: 15. If this presents a sorter conflict, 
the samples could be processed at 1 :00 Friday, to run at 4:00. It should be 
realized, however, that 24h storage could greatly affect viability and 
motility when compared to 18h storage. 
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EXHIBIT B 
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Prelim. C, Experiment #2 

Staining pH, time, red food dye, and methods to stimulate motility 
Objectives: 

1 . To determine if there is a trend for sperm stained in a more basic pH for 30 or 60 
minutes to resolve more completely into X and Y populations. 

2. To determine how much red food dye is necessary in the stained samples to drop 
the dead population to a desired location on the flow histogram. 

3. To determine the most effective method to stimulate the motility of stored, stained 
stallion sperm. 

Scope: 

A. 3 stallions 

a. Howdy 

b. Sylekt / — .,/ 

• z. Gunsmoke ; . 

B. 2 pH levels during staining > 

• ■- -a.. 7.1 .. , v ... : ;. -v-r; . . J r 

.... : ■ , .7.9 - . <:< . ■. ,. ., ] : - ■ . 

v-vC'': .4 levels ofrtdrfbod dyfe (added 1;:1 with stained Sample) ; 

X 2:5jil/mL :5%- : final cone. ;1 ;25|il/mL 5% \ *. ; • t ;: ■ 
^>C> ;b- ,2i0^1/mL 5%-/final:conC 5% : ; 

'-• ; v ' ^^c: :; av5|il/niL ; ; '/ X^y-'-- 

.'"V :d:; 3^n^:2% -^nai f ■ r^- ^^- 



■■X; 



:D.V r . '2 chemicals to stimulate motility . ; . ' • ■ 



"E.-:"> 2 staining times atbQthpH V V- ■ ,.. . : .. "'-^ 

■±-'*A\*£'Zfii • e ?r.c-st Cfvec: -vc r roc K ■stimv.lr.ifi/J-'X rrct: 1 v ; m ■ • "-• • Vr - : * 

...a. 30'imn . . ••"*'; ■ : • \ . i .-.-'. y,: "' 

^6pmiii. ."'>' % '■■■■ :: vi'-' : 

F. 3 responses . . ;r ■'■ 

' : . a. Resolution (B only) 

Jb. Motility (B and D only) 

ic/' ^efceht Dead (B and C only) 



Design: 



1 :00pm " A:.' " ' ' Cbiiect kaUions 

B.. Evaluate sperm for volume, concentration, and motility 
. C/ . Extend .the remainder of ejaculates ^ 25 x 10 6 sperm/ml in KMT 
' ' ' a. We peed i'20 ml b^ 
' • • ' : ' ; ' : b: "' 40" nti L in e^ch ^hirlpak feag Vs 
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' ■:]. ^% - r . i ixmc. i..:-..:.V:;j . 27i 



00! : 

'.;•;« 3'. b).U. ;l.c ?rr;:'j!. J y 



EXHIBIT D 



Store sperm for ~18h at room temp. 
Unpackage samples and centrifuge 600g, 1 0 min. 
Aspirate supernatant to -1.5 ml per tube 

Gently resuspend pellet with transfer pipettes (pellets are very soft) 
Pool all pellets from similar stallions and mix thoroughly 
Count hemacytometers for each stallion (3 samples) 

a. 2390 jil kill solution: lOfil sperm 

b. 4 chambers/sample 

Extend all samples to 400 x 10 6 sperm/ml with KMT 
Prepare staining tubes for each stallion as follows: 

a. All tubes: 200 x 10 6 sperm/mL, 1ml volume, 12.4 \x\ HO 

b. Prepared tubes of each stallion at pH 7. 1 

c. Prepare 4 tubes of each stallion at pH 7.9 
Incubate all samples for lh in water bath at 34°C 
Add 1 ml KMT with food dye (warmeid) to all stained samples 

a. One tube of each treatment/stallion should be extended 
with the following: . ^ 
i. lmlKMTwith2.5|il/ml5%redfooddye 

ii. lmlKMTwith2.0^1/ml5%redfooddye 

iii. 1ml KMT with l .Sjil/rnl 5% red food dye ; 

iv. lml KMT v^3y\Im\ 2% red food dye "■ \ 

b. . Extender-should Re place in water bath -45 minutes after 
: the;beginnii]ig of staining 

Filter samples 

Evaluate sperm}samples for motility, live/dead; and resolution X\2ryi 
samples) • ; ; M ; V ^:, A . v . \ . v , 

bilute samples in ^ 

\ V ^ 5 min. . - : -V- : 

V >; 

iii. 14,0fil KMT with 2 5mM NaPyruvate 20|il sperm, 5 min 
b. Run samples on /flow for liye/dead analysis and resolution . 

scofe*".rv .7' \" , ,^ . \* - ♦ - \ -T " '"...">: ' v ■)■' -V. v 
i. . : Subjectively^analyze the resolution of each sample 7 
. -/minor tuning may be required. Vy. ; 

iv. Score the resolution on a/scale of 1 -10. 

". '."1 = Best-;' ' : - '*".' 

: ^.2":5=Bat' •'• 

. 'X 10 -.Poor- .. • , 



Fresh vs 18h: Total 



Extender: Total 
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Proposed Protocol - Stallion Fertility Trial 0^ 

A comparison of the effects of shipping temperature (5°C and 
15°C) and method of insemination (hysteroscopic or rectally 
guided) on the fertility of sex-sorted stallion sperm. 



Goals: 

1 . To compare the fertility of sorted stallion sperm when processed immediately after 
shipment at either 5°C or 15°C. 

2. To compare pregnancy rates obtained by inseminating low numbers of sperm (20 x 1 0 6 
total sorted sperm) using either a video-endoscopic method or rectally guided method for 
deep uterine insemination. 



Background: ; 

1 . Based on in vitro woik completed Spring 2001, it has been found that stallion sperm 
maintain similar post-sort motility following 18h shipment at both 15°C and 5?C. We 
would Jike to determine if the fertility of spenh shipped :a± these twoltemperatures is > 
comparable. ' . • . \ >\k .. . . 




no difference in pregnancy rates w^ y %^f&'Yy 

insemination arid 

- re '..^''i.^/ 

" Vil ; " : - : ; v- ■ , ' ' . - ' \y-Sy : : : ^y-y . ■ " ■-.:/■ v ><sS^-^ 

Animal specifics: v i--- Jf ■ 

1. -Mares- 

experiment, with no less than 20 inseminations per treatment group All mares will be 
' ; synchronized forinsemin^^ 

2. Stallions -2 stallionsshouldbe used. An attempt will be made to balance each treatment! 

group with regard to stallion and sex ratio. Rowdyand Durn Cutter Dandy Boy will;be 

■. used Tor this trial. ; ' >' -V-N - •• : ;, 

• ..o.::. ; ' V ' ./ ^ ' ; . : , 

Proposed treatment groups: ... .„ 

1. Sperm sorted following 18h storage at 5°C, 20 x 10 6 sperm, hysteroscopic insemination^ 
30h post-hCG. " : ; ! ^ ; : ; :> ' ;:; . . 

2. Sperm sorted following 1 8h Storage a^5°C- 20 x J lb 6 'sperm, recrtally-guided insemination 
3Ghpost-hCG. 1 ^ > 

3. Spenn sorted following 18h storage at 15°C, 20 : x lp 6 sperm, hysteroscopic insemination / 
30hpost-hC& . \ 

. r\i y, . pi W>t-:.[- y 

ACL . . ■ . 1 : v fC ■ — ■ 

/ 5°f / EXHIBIT F 
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Detailed Protocol 



Scope: 

A. 2 stallions 

B. No less than 60 mare cycles 

C. 2 shipping temperatures 

a. 5°C 

b. 15°C 

D. 2 insemination methods 

a. Videoendoscopic insemination 

b. Rectally-guided insemination 

E. 4 responses 

a. Pregnancy rate 

b. Motility p \ 
1. Post-sort 

c. Stimulated Moti%-2mM Caffeine .... 
1. Post-sort 

d. Percent'Dead 



1 Collect ejaculates ftom l(^^sta^ons/day ^ ^ 
12. - ^Evaluate semen for volume^concentration, and motility " =k ^ r 

'■J "-A. Record ejaculate volume to lie nearest mL « J 

; • :B . * -^Pom^i 1 mL worting sample to be used fo 
: ; Visually. estimate the .percentage 6f progressively motile ^ 

, : ; oExteiid^poittOT^ofmwisemen^^ ■ 

i. Add 0 25 mL raw sement to 4 75 iriL EZ Mbon CST extender 
ii Gentiy invert tube several times to mix - ; 
\: y ] 3b. . v Exainhie imder 

; c. Estimate.^^ '' 



a. Zero the densimeter 
' -l : Add 3.42 mL formalin-saline to cuvette to zero machine. 

b. Dilute semen^iri-formalin-saline 20:l(fonnalin-saline:'semen). 

i. Add 1 80 jil aw semen to Cuvette containing formalin- saline 

c. Place diluted sample in densimeter and record concentration. 



H SHIPPED SAMPLE PREPARATION 

1 Extend the remainder of ejaculate in CatKMT (24 U/ml BL catalase) to 25 x 1 0 6 
sperm/ml 

A. Semen should be extended in a prewarmed flask 
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/ 

B. (Volume ofejaculate x Taw concentration) = final extended volume 

" (^xlO 6 sperm/ml * 

C. Add hems to a warm flask in the order listed below: 

a. Buffer 

b. Semen 

2 . Use parafilm to seal the flask 

3 . Gently invert flask 4 times (180° rotation) for sample mixing 

4. Aliquot extended semen into labeled whiripak bags in a volume of 40 ml/bag 

5 . Bags should be labeled with the following information: 

A. Stallion identification 

B. Storage temperature (5 or 15) 

a. Storage temperature wfll depend on # of inseminations and tre* 
groups each day 

C Date 

D. Time of packaging 

t. Plare ^wimpl es for 5° storage in an equftainer witfa2 coolant cans 
7. Place samples for 15° storage in a water bath placed in a cold room 
* . Store samples for 18h 

a. Keep samples protected from light 

1). Avoid any fluctuation in temperature for either treatment 



: . 

2; -^/places 
.3 . Allow$5mm^ 

4 • .r' ; Ui9)adaige samples anH transfer .to 50-n^ :< wdg^e4^tubes'' ; . .' 
\,A'/ \ AUquot speim fw 

a Using a transfer pipette, remove leftover semen -from the bottom of 

■; : a 5-nil' tube and/place in warm 




t.:.:r ■ ; 



5. ; • ''.v>^ 

6. Evaluate post-shining motility • - ' ? 
A. (Motility shouldbe^ 

7. Remove samples 

A. Take care not to dismpt the peBet as tubes.are removed ; 
-8. Gently resuspend each pellet with transfer pipettes(pellets are very .soft) 

' 9. Pool pellets from similar treatments • 

10. Prepare hemacytometers^ br each shipping treatment <2) 
A 2390 jil kill solution: lQp.1 sperm 

B. Count 4 chambers/sample 

11. Extend sperm samples to 400 x -10 6 sperm/mD *■ • 
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IV. PREPARATION OF STAINING SAMPLES 

1 . Prepare staining samples as follows: 

2. 2 ml staining samples 

3. lOOx 10 6 sperm/mL 

4. 3 levels of stain per shipping treatment 

A. 8.68 nl Hoechst 33342 

B. 10.54 n! Hoechst 33342 

C. 12.44 nl Hoechst 33342 

a. Hoechst 33342 is light sensitive and can be activated by fluorescence 
lighting. Therefore the stock solution and sample preparation should be 
protected from fluorescence Kghting by enclosing container in aluminum 
foil or storing in an amber bottle. 

b. Latex gloves should be worn when handling Hoechst 33342 

c. Dry outside of pipette tip after aspiratiori by wiping with a Kimwipe 
d Rinse pipette tip by aspirating and expelling Hoechst into buffer. 

5 Staining buffer (KMT) and Hoechst should be combined and mixed vigorously prior to y , ; - 
the addition of sperm 

6. • ; Spenri-should be aidded immediately prior to placement in water bath 1 « . 

7. . Capsa^ 

V" Gently invert -tubjes 4tin^ . : V % h 

• 10Y: ?la(»^ : • ■ V : :>v;" : i 

;^; : :^f : :; . : :^--v ? ^ ' • . * sV*?*?" ' — y ; •' f : :;4siS' 

":p.. dye Vi : : v 

. v ^ p. Ex^ncierrktib 34° C-prior to addition to samples t^f- 'l 

13 FUter samples usmgy^ow p^ec filters * V 

:^l5^ 7 - ,r - ; Incubate samples^ 
v \ • ■ A6. Tresh sampleis -should t 



V." 'SORT TUBE PHffiAB^^Ofl^c hy s^pbd big' i nc -^l^^llL:^- li:^ iii -;o 

* ' rri:r; r-v'y^r^fcM'^; -and v;-k>t:c:r.f': -75k: ^c^roi '".'id ; .\-iC: .i".ii.;<:.?d ;;-^>c-rwrY ^Vy 

1. Betennine 50kk (Falcon vtobe empty mass by wrig^g the tube and cap. 

!bi; r. ; ; the .SOmnl Falconitube and on the cap. 

2. b.qposit$ml^^ wanned to 20 - 22 °C to each of.tjvo 
SQiiiil/Ealcon tubes/ iimei; (1 80 n rotation ; fcr sample rri;\.ing. 

: . information: 
'P! v ?IkT StallibvL identification; 

od. ;/3<£' vi- An ascending ^numerical fiiAnKerAitipfes 

A :'/•::: O.v nil pL>k lilv-j' to sli sa-npLft!! 
ACL 3. . •>;:;; ::>:p- :/£;:ii:. fur fK>w e^luirfioc :;h:;-i3J be 75 IC fc «;:>:=ri.v;/--:!.;., ■ . ;;«'■: • 

.'ill " X M t/ . . ' • • ' -' - , • ' 
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3 Warm CatKMT catch buffer only as needed. This will aid in minimizing microbial 
growth. 

YL SORTING PROCEDURE: 

1 . Set sorting gates for 90% purity. 

2. Sort both X and Y-bearing sperm. 

3 Sort into 50-ml Falcon tubes containing 4-ml CatKMT extender. 

4. SheathfliridwillbeZfluidCT^pHSlSmOsm) 

5. Record MoFlo parameters: 

A. Laser output (mW), amps 

B. Sort mode 

C. Drop drive frequency 

D. Drop drive amplitude 

E. Charge ; • / 
;F. Plate deflection ;•>:./.. 

G. Total population coefficient of variation (CV) 

H. X and Y population coefficient' of variation (cvs) ;;v 
I Presence or absence of split between X and Y populations { j . 
X -Percentage dead sperm . 

.^•^/•^/^SortTate • • . ^. v | , y^;'^. T : . - v ; V-' — j-'. '•< ••-,•••'" 'tf?-K : ^''V2- ! ';-:^ 
>«V* v.-Abprt'-iate * '• ■ j ; /\7 \ , ..*{/v :: ; ; ■; : a £7-:" ..^'V^^'^ 

% Total number sorted a -\ ^ I,. • : , >v * 

• Z N' Any sort problems :: y * . -v . ; * • **■ ' V 1 -". 

:: M?^ : G&tyis^ Falcon inbfcev^STO,^ 

.i I } : ' 1 A ? Mhongjevery 3.0 nnnutes is also acceptable; ^ ; ^ : / ^ , A 

^:.^-^^A / Sort into the 50-ml Falcon tube for a maximum of 2 h or a maximum of 30-ml of total 

>v ' volume , . * ■ * 

ji.' Volume time, and treatment needs 

' ' f ^Remove 1 niL from each pooled sample (X^ea^^ 

: - : I0;' • ' "Petfonn resbrt(analysis;bn':X's and Y's. . ^^^^ ; - 
!• 1L ;: ^©iscarci isbitfeH rsperaa' isVpurity is 'less,thiaix :* : : : 

VII CTNTRIFTJGATION: 

1 . Program the Eppendorf centrifuge, Model #5 8 1 0 R. a ' : - < 

A. Turn thexentrifuge ON and close the lid of the centrifuge. 

B. Program the centrifuge as follows: 

a. Temperature set at 22°C. 
- b. g-force set at 850 x g. 

c. the g-force will appear as *850 on the centrifuge display. 

d. Time set at 20 minutes. 

5 
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2. Place the 50 ml Falcon tubes containing the sorted semen into a room temperature (22°C) 
centrifuge. 

3 . Make sure the sample tubes are balanced prior to centrifugation. 

4. Centrifuge the sorted samples contained in the 50-ml Falcon tubes for 20 minutes at 

850 xg. 

A. If volume in tubes is > 30 mL 7 spin for 23 min. 

B . If volume in tubes is < 30 mL, spin for 20 min. 

C. Avoid spinning volumes less than 20 mL. 

VIE. SAMPLE ASPIRATION: 

1 Carefully remove only one 50-ml Falcon tube at z time from the centrifuge for Aspiration 

2. Aspirate the supernatant leaving a 1 OO^il sperm pellet. 

3. Cap each 50 ml centrifuge tube. 

A. Be sure to aspirate all tubes before proceeding to next step. 

IX. SFlXMflZ^ 

1. Add 100 ^lKMTtoeaoh tube. 

A If there is more than one tube per sex, add 50 >d KMT to each tube. > t 1 

2. Suspend samite by very gentle aspnBting and Teleasm • f£f;V 

A. UsecareB^ 

B ff foaming occurs, the nnxi^ aggressive and more careneedsto be taken in 1 
^ihemixn^ method < . ■/ > : • 

u us^ a 3isp4^ V • i -^o ■ : j4 " : s ' ■■■ ' < ' • 

>A. > .., jieirovea sin^ at-a/time^:;^ 

W;B:'WS^ to a tube. rack. H v't \; 

; '*C^ 

: itransffrpipeiteian^ 

^ a. There is considerable sperm pellet residual remaining in the 50-ml Falcon 'ffi i: ; y 
' ; ^ S Use patience and a caring attitude to recover as 

• ; rnumy-ctfihei^ 
b. Likewise, before discarding the transfer pipette, allow any residual volume ; 
contained in the transfer pipette to be exp^ed. Mowing a htde tim 
residual volume to gaithCT for expulsion is very important for maximum sperm 
recovery. 

X. PREPARATION OF HEl^CYTOMETER DILUTION TUBE: 

l. Preparea60Xdautionina6^Falcontub^ : 

A Deposit 59D pi of Formalin solution to each 6 ml Falcon tube. 
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B. Gently vortex each pooled sorted sperm suspension and immediately remove 10 

\x\ from the sperm suspension using a 20 \i\ Pipettor. 
C Dry outside of pipet tip using a Kimwipe before depositing fonnalin volume into 

6 ml Falcon tube. 

D. Deposit semen into the formalin solution. 

E. Rinse semen from the pipette by aspirating and dispensing semen into formalin 
solution a minimum of 4 times. 

2. This represents a 1 : 59 dilution with a dilution factor of (60). 

XL HEMACYTOMETER DILUTION PREPARATION AND COUNTING: 

1. Prepare (2) hemacytometers for evaluation (4 chambers). 

2. Vortex the samples prepared for hemacytometer evaluation for 30 seconds. 

3. Fill all hemacytometer chambers (4) with a single draw from the hemacytometer sample 
tube. 

4. Determine sperm counts after allowing the prepared hemacytometers to settle for a 
minimum of 10 minutes. 

A. Do not allow samples to dry out. 

B. Place hemacytometers in a high humidity chamber to allow the sperm to settle. 

5 . Count all the sperm contained in 25 large squares 
6: v Mul^fy 

7 Multiply the (sperm/ml) x (volume/in the 50-ml,Falcon tube) = total number of sperm 
contained^ 

XIL iVQLUlWBE ASSESSMENT: ^ ^ / \ \' " " f: ■ 

1 * Weigh the 50-ml Falcon tube to determine sorted volume 

I A. - Subtract the mpty tube and cap weight ffom <^ cap; to calculate 

the sorted sample weight v 

* -KBl:' ; ;Dm vy'US 
2: ; Volume can also be.calc»jla^'-u^g^the;Sarati^ spreadsheet , ; / 

; ; A ..; Simply enter thele^^ followed by the filled 50-ml 

:': Falcon tube weight... . .,v : ; ; ; \v. .//,,. > ^>',;..;::, -J v. • 
B The spreadsheet will calculate the ^ sorted volume as well as the volume of KMT ; • 
.extender to add to each sorted sample. 

XDL FINAL. EXTENSION: 

1 . Enter the total number of sperm, counted pet- hemacytometer chamber onto the 
Saratoga spreadsheet for dose calculation. 

2 . The Saratoga spreadsheet will calculate the required additional KMT extender for 66 . 66 
x 10 6 /ml final sperm concentration. ' 

3. Add additional KMT extender as calculated for a final sperm concentration of 66.66 ^ 
10 6 /ml. 
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XIV. INSEMINATION PREPARATION: 

1 Remove 300 of sperm suspension to be used for insemination. 
2. Place in a room temperature (22°C) 5-mL falcon tube. 

3 Transport tube (in pants pocket) to surgery room for hydroscopic or rectally -guided 
insemination. 

XV. INSEMINATION: 

1 Using hysteroscopic or rectally-guided insemination, carefully deposit the sample onto the 
uterotubal papilla of the horn ipsilateral to impending ovulation. 

* More details will follow regarding insemination methods. 



Oiidine Protocol WifliTi 

H:00am , A. .., Collect stallion(s) ; • V:^ 

:B. Evaluate sperm for volume, concentration, and motility 7v 

C; Extend ejaculate m CatKMT (24 U/ml BL catalase) to 25 x 10 6 sperxn^d 

> S .- ; r:>£ 

: . . : ' <b Treatment C- ' y ;. -15! storage ma water bath in cold room J- : 
,Gr"' Place samples in a water bath at ambient tern % ; 

::••)!•.:'•%'" temperature . ,:; r)"* • ? .V/N ! V" 

6:45am • i ; ^I - v * : Unpiwkage sai^ ;V 

6 55am "~ : J ? Place 50-mL4ubesim centnfiige, 600g, 10 mm ; 1 

47:10am /Remove samples from centr^ and aspirate samples to ~1 5ml 

M ; Gently re&^ein& ^ (pellets are very soft) 

; • Nk. Pool peUets from similar treato ^ ^ 

7:15am - O. . Prepare hemacytometers forea^ 

7 40am ^ P. Extend sperm samples to 400x 1 0 6 sperm/mL 
7:45am . Q. Prepare staining samples . 

7:50am R Place samples in circulating water bath at 34° C 

8:05am S. Place KMT with food dye in water bath 

8:20am T Remove samples from water bath 

U. Add : KMT-with^ all stained samples (A) 

V. Filter samples using yellow partec filters 

W. Evaluate motihty of stained s^ples tod record /' 

8:30am X. Give samples to fi 

10:30am Y. Begin post-sort processing of sperm ' 

Z. Remove £ portion of each treatment and-begin resort analysis 
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1 0: 30am AA. Centrifuge sorted sperm 

a. 850 xg 

b. 20 mm. 

1 0: 55am BB . Aspirate samples to -1 00^x1 

CC. Add lOOjil KMT to each pellet 

DD. Prepare hemacytometers 
** 1 1 :05am EE. Evaluate Oh post-sort motility 

a. Evaluate motility in KMT (non-stimulated) 

i. 25 jil KMT: 25^1 sperm 

b. Dilute each sample in 4mM Caffeine for stimulated motility evaluation 

i. .25nl KMT with 4mM Caffeine: 25^1 sperm 

c. Evaluate and record motility after 5-10 min. incubation in warm block 



11:15am 



FF. 



GG. Extend sperm to 66.66 x 10 6 
HH. Prepare 300 fil for 




GC ^ t-m3 ; rj:?rnv ,.o 66 66 x I j1 c .sperm/ml for>irseimn&tibri 



v :va : li: , :r; 'z' ^r '-:: /zyi day n^ed io m -^Hecieri-at;! 1:3.0- each rooming 



r .,..,- :tl ... : ^,., i , r: , ....... 



. • . - • •• i .-. 
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Summary of Equine Trials 




Several in vitro studies have been performed this year in an attempt to improve viability and 
staining of stallion sperm for flow-sorting. To date, they have focused on shipping media, 
shipping temperature, sperm concentration during staining, stain concentration during staining, 
pH during staining, osmolality during staining, length of staming, and sperm assay methods. 
Much has been accomplished from the results of these trials regarding improvements to sperm 
viability. This report is an attempt to summarize the work that has been completed up to this 
point 



Experiment #1 

Determination of me preferred shipping media for stallion sperm destined for flo^-/ ; 
sorting. •/';./ ■: ; "'. 

/Scope: '-..-;--•'•/. ; • •= '•• wfivSvi-;:; 

';8 stallions used -:■•'!'; /. ■t.-H"^- 

^ >4mettaused -EZ Mim CSTWTtcwtsu^ 

£i '.'^i^^mi^^'-dih^^li-tad 1:5 - This data was discarded do to unlmown ^*'S.$?b& 
:■ ' •• .. . fluctuations in media pH. . ■ *?■<:>* ■•• 

We learned: 'V*<- 5 ' • •„ \ • • 

: s"; ^Following IceimTfugationandmHowing stoning," sperm;processediriav<rT exhibited the 
;-y ,:• - ? "highest percentageof motile spern^n^^tTand INRA96 were both preferred 

: ;'!.' overEZ Mixmand Next<^ — •;';7;. 

Following high dilution and licentrifo exhibited the highest 

j : :\ percentage of motile sperm, followed by KMT, and then EZ'Mixin. ., :v;fK; 



Preliminary work for Exp. 1 

Stallion selection - Morphology, prior success/failure on flow trials, sperm numbers produced, 
and availability were used to determine which stallions would be used for Exp. 1 . 

Recovery rates for sperm post-centrifugation - After shipment, spenn were to be centrifuged at 
600g for 10 min (instead of 450g for 1 5). Recovery rates with this new protocol wef-e 
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Summary,^ 

evaluated and were similar to previous recovery rates (-85%, highly dependant on 
stallion). 

PH adjustment - pH of media was adjusted to allow for 7. 1 and 7.5 during staining. Media was 
also adjusted to bring the pH of samples back to 7. 1 following staining 

Flow assessment following high dilution - A protocol was needed to deteimine the viability of 
sperm following high dilution and centrifugation using the flow. Work was done with 
bull sperm in which various levels of red food coloring was added back following 
centrifugation. These samples were ran, and those with addition of media at 1 : 1 staining 
talp to pink talp allowed for separation of a dead population. This was repeated with 
stallion sperm, and was satisfactory. Unfortunately, this was not a reliable assay for the 
study, as motility did not correlate at all with percent dead readings. Apparently, live 



dead sperm. This is an area that requires further investigation 

Track motilities - Track motility analysis was attempted with stallion sperm. Due to the milk 
necessary mstalfioninedia, too inuchbackgro £ 
reliable assay at this time. 



Experiment #2a '•• " - : .7'§ r C 

Opmmzation of staining -Hie effects of spem concentration and seminal plasma ,: , 
dhn^ staining. . ■• •., ; > t"; ;••„.•;•'";.•: fpv /}y;y v Hk^- 

.Scope: ; _ ...... . _ .. - .^.v ^ 

3 Stallions ~ pnfamnaiy c 



' ^ /mL,,2;6^1 HQ^^ 

- 10 6 /mL, 7 8jxl HO, 450 x 10 6 7mL, 23 4(jJ HO * ... - ■, 

2Exteidere-EZMixi^ 
< " : w ; 2 ; ^ room t€?nip 



We learned: 



motility, ana nigner percent aeaa man 



fresh sperm. .,. • , . .. 

Spenn stored.and processed in KMT exhibit higher motility and better resolution thai* 

sperm stored and processed I in EZ Mixin. 
Seminal plasma duiing^ Sperm stained in 

' 10% seminal plasma contain a higher percentage of dead sperm. 
As sperm concentration during staining decreases, motility increases and resolution f^des 
Shipped sperm are affected by changes in sperm concentration to a greater degree than 
are fresh sperm. ' 
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Experiment #2b 

Optimization of staining - The effects of pH and osmolality during staining. 

Scope: 

2 stallions - Only one could be used 

2 osmolalities during staining - 3 10, 360 

3 levels of pH during staining - 7. 1, 7.5, 7.9 

♦Trends: 

Staining at a higher pH tends to improve resolution. 
The effects of osmolality could not be determined. 

* Not reliable results because only 1 stallion was used 



Optimizaticmaf 
staini^ 

NaPyruvate as motility stimiflants. 



Scope 

3 stallions -pirdinrinaiy trial 



4 levels of red food dye added after staining - 1.25Ml/ml 5%, 1 OOuJ/ml 5%, 0.75ul/ml • „ •- • 
. ■-</■ 5%, 15nl/ml2% ,. \. -.v ' : .* V-V . • 

2 motility stimulants . ■ ':.>;.,/ 

Samples seined at pH 7.9 contained lower ; percent dead and exhibited better resoh-* - 

than those stained at pH 7 .1. , ■ V ;; 
Samples stained for 30 imnutes contained lower percent dead and exmbfted better 



A final red dye concentration of 0.75ul/ml produced the desired results - There is a 
separate dead population that is more ideaUy centered on the Mstogram 

Caffeine is capable of stinuilaa^ motilhy of stallion sperm at a concentration of 2mM, 
while NaPyruvate has no stimulatory effect on motility. 
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Summary, f B 
Experiment #2d 

Verification that the staining protocol used in 2000 is capable of producing 
adequate resolution and a comparison of 2 shipping temperatures. 

Sc °P e: . . , A--/'' < 

3 stallions - preliminary trial ' 

5 Hoechst concentrations - 8.4ul/ml, 104ul/ml, 12.4ul/ml, 14.4ul/inl, 16.4ul/ml 
2 shipping temperatures - 15°C, 20*C 

W e learned: _ . 

Shipping sperm at 1 5°C inaintains more viable sperm than shipping at 20°C. 
Resolution appears to be similar or better than last year with a similar protocol. 
Resolution appears best when stained with 12 4pJ/ml HO (200 x 10* sperm/ml) 



Experiment#3 

Identification of me preferred shipping temperature for stamon sperm prior to sex- 
selection. • '. ,,• '.' '"S- 

•Scope: 



8sta1fions 



- f:. s V>5^shipp^temperapjrea - 5X,4p^,ll5^20X; 25^C ; .:, i££>;£ji> 
2 versions '.of KMT- original (asm previous X¥ 



Spenmstorediat 15?C contamed the lowest pero^ 

'Jughestpost-ulliri^ H fY './.''y' -'^v 

Sperm^tored a^ • ; | 

sperm' were not stimulated. ' • •./•^;;/..\:': ; - s v*-v'--;7w^5: 

Sperm stored at 25°C contamed me higliert pw exhibited /the lowest motility at 

;•. all readings, and exliibited tii&poo^resblution; 
Sperm stored . in modified KMT maintained higher motility than those stored in original 

. KMT. • ... . •.->••. 

Motility results based on non-stimulated vs stimulated evaluations differed post-stain and 
post-high dilution. 

Storage of sperm at 5°C looks like a possible alternative to 1 5°C, but further studies 
involving evaluation after sorting are needed. 
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Summary, May 1 



Experiment #4 

The effects of sperm concentration, Hoechst concentration, and length of staining 
on sperm viability and resolution. 

Scope: 

8 stallions 6 6 

2 sperm concentrations during staining - ) 00 x 10 /ml, 200 x 10 /ml 

3 stain concentrations - 100% (12.4^1/200 x 10 6 sperm), 85%, 70% 
2 lengths of staining - 30 min, 60 min 

We learned: - , 

Samples stained at 100 x 10 sperm/ml contained a lower percent dead sperm than 

samples stained at 200 x 1 0 6 sperm/ml and produced similar resolution. 
As stain concentration increases, percent dead increases as well. 
Sperm stained at 85% stain concentration produced similar resolution as those stained at 

100%. 

Staining length had no dffect on either percem dead or i^ 
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Effect of Stallion 



Pship Pcent Pstain Hdll %dead resolution 



A 
B 
C 
D 
£ 
G 
H 
J 



63.3 
54.5 
68.6 
64.7 
65.3 
58.6 
58 
58 



52.5 
50.6 
62.6 
58.4 
57.8 

58 
51.5 

50 



44.5 47.5 
32.3 31.8 

55.6 44.1 
46.6 48.4 
48.6 45.5 
36.6 37 
48.5 46.5 
41.8 41.8 



22.8 
41.1 
21.4 
26:1 
21.6 
30.7 
25.2 
17.9 



6.7 
8.2 
6.2 
73 
5.2 
7 
6 
6.8 



Effect of Extender 

Pship Pcent Pstain Hdll % Dead 



KMT 

KMT mod 



60.7 52.8 42:8 40.B 26.6 6.8 
61.6 57.1 45.2 44.4 25.5 6.8 



Effect of Shipping Temperature 



Pship Pcent Pstain Hdll IfcDead vResolution 



5 62.5 56.1 48.8 45 
10 • 62 58- 47.5 44.7 

• 15 ' «4.7 56.3. '" 445 ' 44* ■ 

• ■> ., •:20' , / : -592' . 53* • 422 ' 41.4 
25 5528 494 34-6 354 

^^Ip Mcfllity 0 / : V '% ■ 



27.9 
26.4 
23:1. 
23.3 
31.4 



6;9 

.6.8 
'6.7 
6:6 
72 



.'Total '• " Prog. fStim , T-Stim. , 



:. ; 5 

10 
15 

w 

25 



62.5 
62 
64.7 

592, 
55:8 



.562 
58;9 
:62.7 
59.1 
55 



62.5 
63.3 
64J2 
62.3 

■': 59- 



61.4 
61.9 
62.7 
61.1 
57.9 



Post-Centrifugatiori Motility 



Total Prog. Slim., TStim., Prog. 



.5. 

10 

15 

20 

25 



56,1 
58 
56.3 
53.6 
49.4 



55.6 
56.3 
56.1 
52.8 
48.5 



56.3 55.2 
56.4. 54.4 

53.6 52.2 

56.4 55.6 

52.7 51.9 



Post-Staining Motility 

Total Prog. Stim., TStim., Prog. 



5 

10 
15 
20 
25 



48.8 48.6 49.1 49.1 

47.5 47.2 52 51.9 

44.5 44.5 51.4 51.3 
42.2 42.2 48.1 47.5 

34.6 34 42.7 42.7 



■ A ' •.. 
•■ .-.1'. .'■ 



. . : s •//-••;. ' I- : 



Post-High Dilution Motility 



Total Prog Sthn., TStim., Prog 



5 


45 


45 


49.5 


49.5 


10 


44.7 


44.1 


49.5 


48.9 


15 


44.6 


-44.6 


61:1 


51.1 


20 


41.4 


40.5 


46.9 


46.9 


25 


35.4 


36.S 


44.4 


43.3 


t Dead and Resolution 








% Dead Resolution 






5 


27.9 


6.9 






10 


26.4 


6.8 






15 


23.1 


6.7 






20 


23.3 


e.« 






25 


. 31.4 


12 







KMT vs mod, Post-ship motility 



KMT 


mod 


5 


626 


62J2 


10 


61.9 


62.2 


15 


634 


65.9 


20 


•57.6 


606 


25 


56.3 


55.4 



KMT vs mod, High Dilution motility 

- : • ."' ■ i-KMT .. -'mod • '■ > <i .-, -a 
6 7 . 426 ';. 472/,. : .' 

% 10 44:4 45 
15 43 1 466 

•v ; .„;* . 20 40 -Mzm^ ■ ■•' ^-'--v 

25, 31.7 392 
KMT vs mod, 'Percent dead 





KMT.: 


mod : 


'•5. 


' 276 


284 


10 


26:4 


26:5 


15 


23.3 


23 


20 


23 


236 


25 


36.6 


26 



Exp. 3, Temperature x KMT 



Effect of Stallion 



□ A BB DC DD BE IG IH0J 




Exp. 3, Temperature x KMT 



Effect of Shipping Temperature 

05 «10 D15 D20 W25 




Pcent Pstain Hdll :%Dead Resolution 



Post-Ship motility 

. Q5 WW D15 D20 B25 : ' 




Exp. 3, Temperature x KMT 



Post-Staining Motility 



□5 «10 Dt5 O20 «25 




Total 



Prog. Stfm., Total Stlm., Prog. 



Post-High Dilution Motility 



D5 flMO D15 O20 M25 




Total 



Prog. Stim.. Total Stim., Prog. 



Percent Bead and Resolution 



.05, .010 *15 020 M25 



35- 

;. ,90; 
25- 

V -is - 

10- 

■ '45 : 

•vV''!': t. 




% Dead ■ 













































M 





Resolution 



KWTT vs Temp./Post-Shipping 



.' i ■ ■ . 

•V - .it; 



: KMT vs Temp., High Dilution motility 



D KMT .41 mod; 




.'.7*/ 

•{.'.'• •.•'> 
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Exp. 3, Temperature x KMT 




ACL 




3B01 W. E S T UMfAtl ROAD / A R B L BUILDING 
CSV FOOTHILLS RESEARCH CAMPUS /FORT COLLINS. CO 80523 
I' HONE 19701 A 9 \ ■ 4 7 t A / FAX (970) 491-437-4 
WEB: WWW.XYINC.COM / EMAIL: INFOCXYINC.COM 




To: Anita Boole 

Lindsey Abeyasekere 

From: Allison Lindsey 

Re: EVJ 01/33 
EVJ 01/34 



Fax: 44(0)1638 668665 



Date: 1 



Pages: 20 (incl. cover) 



Please find 1o follow the corrected proofs oftwo-art»cteswhit*-are:due1ofce. Jv- A ■. 
published in a forthcoming issue of Equine Veterinary Journal: Vf-S' 
-., . ' :. . .. . '•' . . ••; . •fc.:.i;:.(:;:, r 

EVJ 01/33: Hysteroscopic insemination of low numbers of flow sorted fresh and r 
Irozen/mawed stallion spermatozoa .'■ '.;;-r-< '' ;/vlf'' ; ;> : 



nonsortedbrflow sorted spermatozoa 



•••,-•;•(. 



For each article, 1 have sent the corrected proof, a^list/of author- corrections, and/ w ' • "Vf - *• ' 
• . . : a -reprint request form. Please feel free to contact me vwith any additional 
' •• • questions ■■• J, J .. ■ w '.; 



•Kindtegards,, 




> Allison; Lindsey 

'Equine Specialist, X Y , I nc . 




•• . v : .\ * * *•■; 



EXHIBIT H 



EQUINH VBTBEIhR Ky JO URNAL 
Sgmtw m., J. C 



UQUINE VETER INARY JQUHH/yL 
£<wia* J. " 



Hysterosoopic insemination of low numbers of How sorted 
fresh and frozen/thawed stallion spermatozoa 

A. C. LINDSEY«fj. L SCHENKT, J. K GRAHAM" 1 , J. E. BRUEMMEtf and E.I. SQUIRES^ 

Mnimal ^production and Biotechnology Laboratory, Foothills TiesQ&roh Campus, Colorado State Univmnm, * 
andfXY, inc., AWLMtim ^Mh-Hm^arrh flgmgrog; Fori Collins, Colorado #oea&,MSA. univmany 
Keywords: horse; lowdose ins^^tion; aexecl somen; frozen/thawed aemen; equine flart*f 



Summary 

The objective oFthis expertmenr tos to iitterralne tiic eUectscf 
flow cytometric, sorting *nd Xrwzing on stallion Sperm ftrHttt)'. 
A 2x2 factorial design was .used io delineate xfltcis of How 
sorting and freezing fifMn-matozoa. Oesirua wa? TjyndinmBra] 
Cill)7-August) an 41 itttw by admimatering J0 mi ahrenogest 
G.2 mg/ml) per m for Ifl consecutive days, followed 'fay 250 ^ 
CloprostenoJ un. an Doy 1L Ovulation >«w anduood by 
fldmtalsterini: 15000 lu iiCG i*v,£ittier€ii (frteaVapermatoaoa) ot 
30 li (fromt^hawed ^permatazca) prior .to iostanhiaiimi. Mares 
•were aligned randomly jo mt -xfi 4 sperm 3TBflmu5nt :J»nmp£. 
Semen mis collected lrom 2 stallions with an artificial vagina 
And yroccsAtd ior -each -treatment Treatment J (rj •= 10 marc 
xyc&s) consisted of frttfi, nonsorteci spermatozoa mid Treatment 
2 (11 *= 1£ mare eycias) *f ireah, T) uv sorted fl p c n itt H nmfii 
«pennato*oa to sorted toc stained -nith Hoechsl 33342 
nnd sorted into 2£» and T-ctiromosoni^benrciig populations 
unscii <on jma coflifint nsmj an MoFlo .'gpenn sorter. 
Treatment 3 (n - 16 jnare cycles) ctmsistefl Of I rozen/tha wed 
nonsorted spermatozoa (frozen ht "935 3 ID 6 spcrm^nl in 
CJ25 ml fltrfi ws) «nd Treatment 4, (n - I5;mare cycles), oflttow 
sorted trosstoythowed spermatozoa (frozen ot tW,4 X 10* 
xfiperm/ml). Concentratiune of apcrm in botii cryapreserved 
Ireatmcnli were adjusted, based 011 ^predetermined -nveragc 
DOSt-thaw motilities, 4tt that -each Anamination contained 
approximately 3 3 10* motile spermatozoa. Hydroscopic 
insamiimtiai] off 3 10 fl motile spermatozoa in a volume af 
230 ill iva.t iwr.rt Tnr rill rrvormwm. iT^jjnanuj' tooc 
determined 4ritrasonograpmcally 16 days .postoYnlafcian. 

No4uTerBnces vper* found (foO*!) in the pregnancy rates 
for mares inseminated with fresh Dionsorted (4/10 • 40.0^), 
Trcsh Rovr sorted (6/16 37^%) y frozen/thrtwad nonwrfed 
= 37.5%) and How sorted frraen/tinrvved spermoiozoa 
Wll - 13^%), PrcRnanq' rates tended CP= (U2) to be lower 
roIluTvinj insemination or frozen/tliawed flow sorted 
0|>fcmiutozoa. Further studies are needed wltli c tarter 
nuinbez- of mares to detcrraint if fertility of Ho*V SOrted 
frozen/thawed n f>ennntoaoe etui be improved. 

Introduclinn 

A safe and rcliataie meibod for preconccptuaJ se?. scslccdon of 



•Author to whom oorr^pondencb should be addressed. 



offaprin^ has been^ aoughi i 0 r decades m man, livestock and 
corapaiiion ttrimal£:Johnjfoii ei cl. (I989j were tbc first 10 report a 
reiiabla method to pfadeujnnine ab a , 'b>' .uaiaj^ DNA ns a guantlcailve 
marker for X- and Y-chiomosomt-bcarins spermatozoa and sorting 
flpermHtozoa via Bow cytometry. Thi* modiod woe uaeci 
subsequently , io sort stallion spermatozoa and produce foal* of 
preoeiemimcd sex (Buchanan et al i0Q0;\Schinid^/^/.^O00). but 
addidanal smflles itrcTCquima u, mate mis icchnique a^jilicahie. in 
ibt horse industr>'. Mow sorted atalliori apermatorDfl will he of 
ihnited use undl imstnods lov insemtaatin^ )ow numbers of 
*p*i™atazoo;are improved and uatU a successful cryoproscrvation 
loshniquc u developed ioritow sorted sndlirjri spermatozoa. 

Boketr and Voas (ly^) datamined thai maxinuai IcrtUlry ^in 
males is nntained by win& .* singk inaeminndon Jose uf 500 * lTjG 
projiessively molikj^^Atozoa Cpms). At current rates m which 
StalHOrt^penD can ne sorted by flowxyteanetry, morcthan^ days of 
contiauous soiling -would be texjuincd id -accujnulni6 ^OC 3t lb 6 
Tp^rnHmma nr ti\rh sua. Ewtntiy, oovwal illI^^J l -vp 
been developed to mcrease iertiiitj' when usin^ iow jnimbeit of 
«al«cn).«penn. McCue ei al (2XW) .achlevea .a'21%pmanaiicyr^ 
by surgically depositing 50,000 pms directly into die ovidact of pi^ 
ovulatcjry nia^arMflnjVia-cra/. reported a lO^prqgnancv 

me wteriiu; Jbwjs 1 7: 10° spermatozoa weie. deposited into the 
mare^ oviduot.through the nterota^l junction umn^ a hystcroscopic 
xechmquc. In a subsequent taal,a .30% pregnancy rate wa.v reported 
trom Uteinseminabon of 3.fi 1 10* progiBwively mo iUe apermntoion 
placed on the .uterotubal papflla with Hie use of an endoscope 
CVozcnicz m al. mi). Utilising a less invasive icchniqut, Bucharuui 
^ ul (*uuu> jnaeimnatcd 5 ?: IfT pros by use of an ultrasound guided 
method to direct* flesdWc inaaniiintion pipctE to the tip Ot me 
uterine horn ipaihuaml to ftic ovary containing the dbminam TOUlcle. 
Ti^t 359^. pregaaaoy rate obtained was similar to thai rcpoiTEd by 
Vazquez*/*]. (IPQg), Mortis; a l (2000.) uecd a vidcocndoscopic 
technique, similar to that used by Braeher and Allan (1992) and 
achieved a 04% preglianey rate a/lten only 1 x l.O^ pme. ware pl^d 
onto and htoitdq the uterotubal papillae. Since this u^hidqueroijultnd 
in theMghcstie{X)riedpTcjmncyTaLci; using lovvspcnnnumbert, we 
ubhscd videoeodoscopic insemirjarian in the present studi* to 
inecraiLatc low numbers of flow soned and nansotted, Jrcsh and 
6ozen/£hawed stallion spermatozoa 

Limited /twmiroh hae been reported or. the fcrtUity of flow 
sorted stallion sperm. The first pregnancy from flow sotted sudtiorj 
spermatozoa was produced by surgical ovidueud inneminodon 
CSchmid eial. 2000).The following season, Buchanan et aL (2000) 
reported a 409b preznancy rale usios 25 ?: 10° flow E on*d stallion 



A. C. UDAwyetal. 



Hytiarowopio to«pminSU<jn nf stallion npcnnauraap 



epurmutoEoa daposilod deep into the; uterine horn. 

The Ability to ofyoprcsorvc sorted Bpcimntozoh would 
greatly inoreaae the practicality of using flow sorted 
Spermatozoa in Ihe hone industry. Stallion oponn do not awrvivc 
for long periods after the sotting prooacR. Therefore, mures must 
be Inseminated immediately after sperm sorting. However, If thb 
sper m could be frozen following sorting, they could be used at 
any future time or )ooadoa 

Several concerns should be addressed in the dcveJopmeni of a 
oryoproaervatton protocol for USC Witt) Tlow sorted StHlliOD 
spermatozoa. When using conventional techniques to freeze stallion 
epommtmou, a single niadium ia not available that works best for al) 
stallions (Squires ei al 1999). Tho-sainc can be expected when 
freezing flaw prooosced allien sponnatozoe but, ns a meun;> to 
decrease variables in studies of flow-sorted, frcraeii/thawcd stallion 
SOcrmatDZoa, the freezing medium (hut produce* the boat reauli* for 
most stallions should be identified and used. 

funhermorc, it nas been icported thai spcrmatoaov; from 
individual stallions can respond quite differendy to 
cryoprcscrviitiojj (Multer 1987). variation between stallions is 
alao appnrent in the ability af thciT spam ro Ije sorted by flow 
cytometry into X- and Y-ohTorawsomc-bBinin^ populations. 
Because of. these varinrione, it .is necessary to carefully .sclccr 
. stallion? for this process that are most likely to sarvive the rigours' 
ofbolh flow ioning 4md cryoprftservatian. 

Ciyopreservanan of -flow, sorted bull fipermatazofi ha/, been 
studied extensively: SeideJ etal. (1999a) reported that the pregranoy , 
rates for heifer? instanmaled with flow sorted frozen/thawed 
spennatozoa C18/35 were snniJar to thai Jbr femen/thawed 
nonsorted $pennaiQZoa (27/37 =73%; P>OJ05);Scddel ei ot;f JMfa) 
-fliao • reported. that pregnancy -'rates for :telfer$ imcmmatefl; with lew 
: vnumbers of sorted, fro2erVlhawed sperm ofe gcncnilfy;Within 9W» of 
sate* obtained with nonaortcd;: frotcii/thirweri sperm samples .: 
containini 7/10 20 limes more spetmatoaoa per ifweraination. , , 
w - In addition : u> developing . technique* ; f or inseminating low- .: 
numbers of ".sperm for use >with -flow ', sorted - spermatozoa;"-;. • 
lnseminHlion with ' low* number*- of . nonsorted 'frasen/tbaweft *- : ? 
\;spamatozra^ 
staJlioas with' a limited inventory of frozen sample*; for. tiiose that 
arc- dead or no longer r4$Hblc^ 

and for those that ha vc:poor sperm Quality after cryopir^ryatJori.-?v 
. . I . >|The,.preacmt r 5nidy"iiseritfl;.2U 

th* affect* 1 of flow cytometric! acx- selection and crYbpreservation V* ' 
of' sperm on' the fertilising oapaoity of stallion apormaiozoa/Tne 
» obj wd vcb of ; this study; ware: .1) to determine if flovr* sorting ' 
. itallion rpfifinatoiicoa decreased pregnancy xateR fit tm insemination 
dose of '5 yX . 1 0^ pins ; 2) tL compare preAnanoy rateD ;of • mures 
inseminated T witf low numbers of frafili tpenn to those widi .... 
^frozen/rhawed sperm: and 3) to determine .whether prignanciec 
can be achieved when low- numbers of flow sotted - [roicn/thawe*. v> . 
i spermatozoa nre-inseirinatcdanio mares. 



Matcriak and methods • : . 

A preliminary experiment 'was conducted to "determine the 
preferred milium for cryoprdBcrvadon oj)d wlet'tion of aiallicrns 
to be used in this study, as follows: 

Semen coUecvton and evaluation 

Somen wa* collected from each of 7 stall ions using a C5U model 



artificial vaginu 1 equipped with an inline gel filter. After 
collection, the semen was evaluated for gel-frcc volume, motility 
Olid spenr; eoncamrttiion. Thu aont ejaouluto woji extended at ? x 
ratio of 1:1 (eMendcraeineri, v/v) with prewaimcd UBQM-3 
(DXlHPtcd from Parrisl-, t\ al im> und oentrifwgcd at room 
vempcraiure for 15 min a( 400 £ to concentrate the spermttlozoa 
and decrease acmlna) plasma concentration. After eentrilugation, 
tht aupernumni conwinlng of die seminal plasma vm, 
removed, leaving « sofs kperrn pellei of -3 ml. The 
postot>ntrifbgaticii\ «oncerra«atioD (-1200 ?. 10 G spenn/irji) was 
d^Ufnnined u«ing the Denainictcr 1 . 

Processing of central wno7> 

An aliquot was. taken from this sample and frozen using 
conventional freezing methods (Squires cr al 19PP) for fitaiiior, 
spermatoicoa (control). Sperm were extended to a final .frtuzmg 
concenti-atitm of 20 x. 10° BpernVmi in room tempcratm^ lactose 
BDTA extoder. Extended sperm weic loaded inro 0^5 ml straws 
and placed on a iraering rack t& room temperature. The loaded 
freeaqg rack .was then placed to static liquid nitrogen vapour, ai 
.approximately - 1 00°C wham strwwe war* allowed 5 min to freeze, 
then plunged into liquid nitrogen for storage. 

Processing cf maita' spermatozoa 

The remaining- sample was .processed :by a method which" 
aimalated preparation for flow sortint;; however,- the. sperm were - 
not prooetacd through the MoFlrr 2 instrumeni. fc r. -/ 5 

All troatmenr aamplcs were proecaacd identically unrJI fTee3in£.^ 
Af ler coBtrifbaation, the apermatozoti "were extended to 400* loC 
.fipfinn/ml m KBOM-S v in a total vc iiumB' of 1 mi. Each aaniplc:Wiis' . 
-Stained With 25.UL Hoechri 3334^»pared in'doionia^d -wnteriot' ; 
"5 mg/ml) ami ^incubated !al' 34*Ciot^l >h; : . Followirtri incubatiorv, 
. samples ,weic:diluted to ^OOxaO^eoeii^iail widi the.edilitioivof;3 

• m'; .r^tswnnned HBGM-3 cora^ininjf ^p^T 

• FPc^Nd. 40),i3ainp^ micron^w 
; filmriapparaUiS'into 'aC6?mbpolyprbpylenV?l^ • • ;^ 

Samples wei^ jjrepared • in. trjpicatc .(3 poientlaJ fffteing.^ . ' 
^extenders) withlBhttu^ -Md,(TOGlfr3^ Sperm were diluted;^' ^ 
sheaih'flm^ af^'Iroczmg'extend^.v^ : 
catcb fluid) at 600^000 sr^rmM;!fii!50^ fil : of^ V* 

isperni sample was combined .with 2 l'W.aheath.fluid and ^ Unr,of ' : 
•each of 3 freezing extendcis:aactoseEDTA^ and CQ5; Squires \?V. 
et dl 1999)., Samples ;.were .inctibated :for 2 'h at ambient?!:-^ 
iempcjarair^K)\^mulate;mevamoum that would be needed ^% 

, for aorting of X-.and Y-chromosoine-beat % ing poDtUauons/SsmpieK^: ],\ 
.wore \then reccmccntrated for fteezlng." Tubes .were centiifuged " V ; 
(22 6 C) tor 20 min at- 850.^ and the supcmaiant was aspliitea/'i- . 
ieavirt^,« 200 fAlmp&rm pcliet?Baae<rOTi l 85% recovery xans/eucll": 
peliel contained 12.15*1$ apftrm. To reach the desired ftcczlnfi' / 
concenu-ation of 20 .x lO 6 inWrinTmi, 0M ml of die Appropriate 
freezing extender, (with glycBro!) wftK'eddftd to onch pellci. V ... ; 
SpermalOZOll weifc then frozen (-S.h postcollection) according • 
the appropriate protocol for each .extender (Squire at al 1 PPP), "* ' : 

Freuixn^ oj tmmcd spermatozoa 

For samples in FR5 ajid CQ5» the 50 ml tubes containing the 
extended pellet were suspended in e 600 ml beaker of 22 °C 
water, covered, placed in a 5'C cold room and aliowed to cool for 
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90 rain R'^miD). Sample were then gently vorieaed to 
redistribute spermatozoa in the medium, fine] 0.23 ml wuu loaded 
in ouch prccooJed 0,23 ml straw. Loaded straw* were placed on » 
pxccooled freezing rncl;, which whs then placed in fiintit liquid 
nitrogen vapour atapproxirnaiely -)00'C, After J rain in vapour 
atmwn wwt plunged into liquid nitrogen for storage. 

Ho; samples iu iftciofco EDTA, sperm wore loaded ai Hmbien: 
temperature (22*C) in 0.25 ml straws and froxcin in « similar way 
■to control samples. 

Tknwins and evaluation 

Td uiaw sperm, straws wereplHccd in a warm water bath 07 Q C) for 
30 s. The end of the straw containing the Slainlcss steel ball was cur 
and apcrm expelled into prewarme£ i,5 ml polypropylene ephubeK. 
Two su^wa/ejwulaie/trearnieni were evaluated. 

Sperm quality was determined based on post-maw motility. 
Visual motilities lor all samples were read by 2 technicians at 0.5 
and 2 h poci-thiw. Each Aampir. was evaluated for iota! find 
progressive motility by each technician, and reading were 
averaged between tfiehniciem. 

Treatment dififeTCTccs ,(P«0.O5) with res))ect to total and 
progressive motility.' at 0*5 and 2 h were detected usin£ Analyst 
of Variance in SAS. treatment means were separated using 
Tuicey's Smrinntiscd Kange. CHSD) test in the General Linear 
Models Procedure. 

The results from una picliminaiy. experiment were examined, 
and ,2 stallion* whoso sperm exhibited acceptable- pasi-ihaw 
motility. (>35$» pme) iwere selected for use i t\ thr. next taperimcnt , 
Additionally; FRS was chosen as tlie preferred i rearing extender \. 
for: use* in this expenmem. amee thr .poawhavy motilities were 
general )y greater far spermatozoa froaen in this extender. < • 

. Jowe// collection and processing . " v] - ' ; 

i Semen ..was . collected ftoro^each • bf ' two 4-year-cdd - AnaSiariv. j ; . 
Lilians oir alternating days throughout /.the 'duration ofJ.the 
^prsjectiUfliae, .C3U models artificial .vfiginii.equippcd iWlul ttity in-:, f ; 
linc.fel filter, Aftcr coliection, lac gc)-free. volume, motility ano\ . 
apermaiozoal concentration for each ejaculate wa* delcnninrd. • 

The . semen was ; then extended i 0:1 - (extendenscmen) ' with . 

prewarroed HBGM-3 '(adapted ! froro Pamsh .at all 1P88) -and "• 

ccntriluged' immediately ; m ambient tcmperamre to. -15 minat , 
i400^ to concentrate the spermatozoa and remove ,w0<8 .or. the ■; . 
^seminal plasma. After eentrifugntion, the supernatant' was .. 

nsmovcri, leaving soft sperm pellets- wIUi sperm concenrrations of . 

>!2'x .JO^/ml. Tlie pellets were -iransported lmme<IiRtcJy to* ; 

another inbomtory. (-5 nun) for further processing in 'One Of" 4 '.y 

Ueaunont groupe; . ; . 

Traatment h Marec (n = 10 oyybu) were inaemintded 6 h po^t-hCO 
administration with $x 10^ fresh, 1 nonRoited pm* via hysiCToacopic 
insonination. FoDowing cemrifycation, sperm werr incubated in . 
:the darir in HBGM-3 at ambient temperature and ut o coi^certu-Hlaon 
of-i.2x l(f sperm/ml furnppimimately.6 h (to timulatc tho time 
needed to sort spermatozoa for Ttcamenw 2 and 4). 
. y JUwwBdiaH4y '^ftor to insemination, moUlily was visually 
evaluated, concentration was -determined usina a 
haerrjaoytometer, and v 2^0 id dose containing 5 j; 10^ pms was 
prepared in a skim milk + .egg yolk extender- (FR4) and 
inseminated immediately. 



Tnaxmentl: Mares (n c 1 6 cycles) were inseminated 6 h posL-hCG 
HdminiBtrfltioD widi iresli, flow sonad spcrmatozoe via 
iiysterxiscopic insemination. The concentration of sperm in the soft 
pelle: wat datenmnad witb die Denadractei, and a volume at' 
HEPBS BOlvIo was added to brinj; tiic spennaiozjonJ conccnuation 

3334&yi stain that binds to adenine-ihymine-rich region?: of tht 
minor groove of the DNA heUj£, wuv prepared in nanopun; woter 
(Joimson c; ai. 1989;. One rrifsperm suspension was stained with 
25 u.) Tiocchst 33342 and incuhatcd at 34°C for 3 h. The stained 
aainplci war. then diluted id 100 \& sperm/mi tor sorling wltii 
tl»e «Mtion or 3 ml HEPE5 conmininir red roal colourin» 
(2 uJ/mi of )G, FD&C Ne. 40). The samples were rutexed at unit 
gravity through e 40 u. nylon mesh filter into 6 ml polypropylene 
tuhec to remove any dabrio and olumpcd-apermaUmoa and' held ai 
ambient temperature until they woic analysed und aoried. 

SpermatOzOH were scjried using 2 Cylomation SX MoPlo flow 
cyiomeier/cel] sorterr. modified for. sperm .sorting, Aigon Uiscrs, 
emitting 130 niw ai wavelengths of 351 and 364- nm, were uBed 
On each of 2 ivloFio instruments at. 50 psi. HEPES ! BGa/LS 
prepared without USA was used as the shcatii fluid (pH = 7,2, 
290-310 mOsm). Approximately 1,000 live spenn/s were. sorted 
,and oolleotcd into 50 ml ccotrinige lubes conuHnlns 4 ml i PR4. 
Ttibes concaining fipermaiozoa or corresponding- sex were pooled 
from each flow oytometei- and aorted spermatozou were ' 
centTifugcd for 20 mm at 850 u ai Z?£. The supetiiatarit was\ 
Vrejhoved, leaving a pellet of upproxirnately 100 pJ, and the pellet 
. then fesuspended maoo uJ room itmpcrmure r^4iaiid gently ^ 
mixed. The apermutozoaJ concentration was than kfcUanrinad ' 
- usm5r^macyiometercourits(ii=4)aa^^ 
• sperm in the soned samples PC; and Y) was evaluated visually. 
Additional t .TT<4 was men aacted to eixclr;saxnpie to.obtain the.*' 
dcaired final apcnnainroal conc^nrrarlbn Of .21.7 X J0 ti pmc/mV - 
; The pj^isnnined volumc.';(230 uJ);CTOtffinir4g ^ x . 1CT S motile ; :" 
r spermatoaoH waB then "loaded into jui equine ' QIfn*,*caiheiEr anO ; : 
f'insaminatad " usin^ the s thymoroflcopicv -macnunaLion teclinique : - 
.,Cr^tois*:e7^i00O). . .7 ' ; - . >j5 /.;- 

Treatmmt 5;.Maies (n = 16 cycles) were inscminatetl 30 h poa-hCG i --> 
adminisirarion witti .3 ,x ID* ;noasortEd rnabUe fraten/thawedi; 5 ! 
spennato^oa viahysteroscopic inaemination. After inilial procmin£»' • 
the . poj^ntrifugaiion : = concentration. *was . CetenninerJ usinj g the. * 
^Densimeter, and peliete were adjusted'to thcir.final ,conraittation of *- ■ 
33^ >t yl& .apcnn/ml in t; skim, milk -f, egg yolk -f 4 % glycerol t 
:extenoV.(FR5). Sperm suspensions were protected from lijjht and 
h^detroomtemperKturc until etimplcs from 7ram>cn/ ^ were ready [J 
.to freeze. Sealed lubes containing thespenrj pellets were suspended -N'- 
in OOO mi beakers containing room .teinpekuwrc water, eovcrod oi^d -i 
placed ma^'C cold room, where sperm pellets were allowcdrn coo! '.' 
.slowly («0.2 o C/nn , n)to5 v c.Ara^90min/i^ 
.0J25.ml poly vlnJycnioriac. straws, sei on a rack and frozen in sialic : - 
liquid nitrogen vapour. 

tiic contents of each strow comprised one inserntnalion dose 
of .230 ^1'containing.approximote)) 10 6 motile spermatozoa 
(average poat-thflw niotilir>' ■= 65%). Eaclvstraw was thawed Id c 
37 U C water bath for 30 e, (he contents transferred to a prewarmed 
■6\niJ falcon tub*, and then riruwn into an equints GIFT catheter for 
hystcroscopic inserninarion (Morrii ot ai, 2000). 



Treatment 4: Mares (n = 16 cycles) were inseminated 3D h. posuhCC 
administration with 5 x 10 6 motile sperm thai nad been flow sorted 
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TABUE 1: Percentage of motile upermatoon obwrved poauthaw of control ond How proooMBd stallion spermatozoa troran In 
B oxtendorc 



Extender 


Trjtai motility 
{0.S h) 


Froorossivfc 
motility (0,6 h) 


Total 
motility (2 h) 


Prpereasrve 
motility (2 h) 


Oontrol (lactase EDTA) 
PR 6 

Uotofte EDTA 
CO £ 


B8 fl 

set 


1* 


24 fi 

iot> 

14 c 


20* 

8* 
4* 


s.G.m.* 


1,63 


1,53 


1.06 


0.86 



*^vaiuee within columns with similar aupersoripls do not diner (P>0.1); ' a.e.m. was calculated by taking the square root of (error term 
ofANOVA/n). 



and then frozen find thawed Sperm pellctc for tJiic troBtznont were 
treated iaentodly .to those in Trvatmant 2 throughout the sorting 
process. Spermatozoa were sorted using SX MoFlo flow 
cytomcier/spemj sorters and collected in 50 ml centrifuge tubes 
containing 4 mi FRA. Tubes containing sperrnntoooi. of 
corresponding sex war pooled tram each flow cytomeicr, and 
aorifld apcrmMozoa wetfc ctntrifagtrd at 22°C for 20 mm fll 830 
The Bupenurtani witt) Twnoved, JcflLvinf; a pellet of approximately 
I 00 U-l, end the peltate than resujpended in - J 00 j.d . Sealed tubes 
containing the sperm pcUotc ware £ impended iji 600 rni bonkers 
containiqe room' ternperahire water, covered and planed in c 5 6 C 
.cold.. room, wiiefe sperm pete were- allowed id cool slowly 
(~Q^ 0 Qmin) to 5*C over a 90 rain period. HacmacytQinfiteT counts 
(n * -4) were perfonncd to determine the jxKtcentnfugatioii 
conccjitratton, and e volume of FR5 was then added to each tube at 
5°C to obtain fl finnJ concentration of 64.-4 a 10 6 sperm/ml. Sperm '', 
samples were -voitcxcd gently, ; loaded into 0.25 ml 
polyvmYichlorid* straws, on&Sto^^io^^^inenf^ •■'{;'■ 
..The contents ,of.. each straw, corapr^^ dosej 
of 230 \i\ . which contained approximately 5 x 10 6 motile 
• spemiatafcoa (8Ycrage;post-tha w motility « 35%),- Each straw *va£v 
diawefl ina37Xv7aierD2lhI0r^ 
v^mh u^ foiy..; 
immediate byxtoroscopic insominatioii '(Morris et ui 2000). 

Forty-one mares of ; li^ht-horae: ( tyj>e, Hgc S- 10 years, were 1 ; 
. synchronised by. aoMiurterin£ ''jQteo^cat (Itegumaiey^CXS rne/ml : ; 
per qz 10 ml/huVday)for 10 consecutive dnyk followed by an 
i^eetton.af-cloprostenol ^stiiraime) 5 (250 u£. i.m.) on'Day ,LL . 
After cloprosienol aornniistrahoivniarss were examined via rectal y 
' palpation and ultrasonography once every other day until a follicle . ^ 
"30 nun diameter was detected: Mares .with large follicles (£30 mm) : 
woie examined auoh morning until a follicle £35 .x 5? mm was ; . 
detected/These mares '■■ were immediately administered 3000 hr 
human chorionic gonadotropin (Choralon)* (hCG) mid aneipned > 
randomly to one of the 4 . treatment groups. -Marcs were inseminated 
with ftesh sperm 6 h post-nCG. and with fruzen/thawed sperm 30 h 
post-nCG. . 

. All marcs were inseminated hysterosconically CBracher and 
Allen .1992; Morris vi al. 2000) Willi e total volume of 230 uj. 
Bribfly, the apenu were louded into an equine QIFT catheter 
.using u 6 mJ disposable nyringo nttached to the injection port on 
the dista) fend of the cathaler. Tht loadod catliBLbr \/n5 drawn 
inio ail outer po)yprop3'lene cinnuU, which wac then paaBod 



down the working channel of a Pentax pediatric EC3430F 
endoscopr 6 . The flexible endoscope (1.6 m lonx with an outer 
diameter of 12 mm) was guided through the ccrvl>: and filtered 
air was introduced into the uterus to facilitate passage of the 
instrument throuph th* utorme lumen. With t)ie md of a video 
monitor, iosemiruitorii directed the endoscope through the 3 urncn 

or the Uterine hom ipsiiateral to the ovary oontainie^ the 

preovulatorj' foiiiolc. When the tip of the endoscope enrne to 
within 30 cm of the papilla of tne uterotubal junction, the 
GIFT catheter containing me spenn suspension %vas;extrudcd 
f»tnn the working chnnncl of* the endoscope and placed ^gatnsl 
the .pupilk, The plmgz: of the eyrtngc- -was then : depressed, 
depositing the small volume of intwsmiaote or^ and ;arounri the 
surface of the papDla. The endoaoqpe w&f thon withdrawn 
Steadily from lhc uterus while annul tan eouely evacuating the " 

, tUtared'&xrfcam theutednclnman. 

... All mares were mscrnrnnted only oncc, oi\ the side apaitaterfil [ 

, .to impending ovulation. To toteTmne the day of ovulation, mftrcuv 

,i wcieiwfflininc4 usii^ 

. .ovulation wao detected. 'Freptnncy cxaminaiions were perrornicd 
uulrmonpgraithically on Days 12* : ,14 : 46, :ZS , and :35', after-; 

ovulation p (d«y of ovulation - .lOX^.'Pregnanoy-, 'stotus^wftsi 
-i:dctamme^ba^>iipoD.Day 16 cxamiiiaTjoii;Eght^man^^^^^ 

became pmerianf afbrmaaminaiioij with flow sorted aperm were, 
. allowed to foal to dctennine the noimality of offspring ressullin^?^ 
t from flow sonetl spermatozoa, as well asio'con5iro;die «suliinj? V 

. (^-square analysis was nseO lo iesi 1 Ibr dlfitenshccs CF<0.05) 
in tbc'feitllwi ng^bility of sperrnatozoa: In the 4 . treatments: 

vEenuts.':, . \ . • ■\''-\.\:; : \, 

The resnlbi : of the preliminary experiment oomparing various 
extenders for- cryDpieservation aiE presentedin Tabl& l. Posuhnw ; 
moiilmei; of soermatozoif rrozen by die control method were ' 
hL^her.than motilides observed for <aii other treatments. Based on . 
vt3ual catimatc5;of the percentage of modie speTin. FK^ was the 
preferred extender for cwprescrvation of flow processed stallion 
Bpermato^OK. SpemintoJsoi!. that were processed for flow 
.cyiometr)' and. /nibsequentiy frozen in FvR5 exhibited. ttie peatesi 
percentage of motile spemiato^ou poat-thaw al 0.5 h .(28%; 
F<0.05), as well a.s the highest percentage of progtBssively motile 
Sperm at 2 ii Q4«fc; F<0.05) (lable 1 ). 

Substanrlal variation was detected among the. stallions used in 
O10 prciiminoi-y eKpcrimeni. as demctecl by posi-thaw jnolilitics o1 
control nnd flow pi-oce.vied s-pcrmatozoa. Post-Chaw moilliufcj;; tor 
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TABLE 2: Variation among stallion* in tto p*rp©ntagt> d total 
and motile cperrnatozoo poeMhaw, averaoeri aoroes 3 
freezing extender* 





roiaj motility 


rropraaBivE 


Stallion 


(0.5 h) 


motility (0.6 h) 


A 


41 fl 




B 


36° 




C 


35 £ 


26 B 


D 


24 b 




E 






F 


17 c- 




G 


15* 


10* 


*.e.m.* 


2-02 


£.03 



fi *° Att Vaiues within columns wiui similar superscripts do noi differ 
(P>0.1); * 8EM was calculated by taking the square root 01 (error 
termofANQVA/n). 



the 7 still lions arc shown in Table 2, Total post-thaw tnotilitieu 
f0.5 h) ranged from 41-13%, and progressive post- thaw 
motilities (OJ h) were 32-10%. Motilities observedwl 2 h pnst- 
mav are not presented, but they followed a Rimitup trend-as did 
motilities read at 0.5 h. Among stallions.- lorai motilities. C2 - h) 
nmeedfcom 30% (SiallionB) to 7% (Stallion T),. and progressive 
mottlioBB (2 h) from 249p' (Stallion B) to 4* (Stallion F). 

In the pfacent.triul, pTognanoy rates war* noi different between 
,ataliion5 (Stallion As 0/2S, 32%; Stallion B « P72P, 31%; f»>0.1): 
therefore, fertility data were combined. No differences were found 
-.in the pregnancy rates of mares inseminated wil hfrosb nonaofted, 
'fresh tiow : 80rted,trDZcn nonsorted and now sorted frozen/thawed 
: }:SpeTmatozDa;(Tabie 3). There was.s, tendency fonprecnajicy rates 
- to bc.lower following insemination of flow -sorted Irozen/fhawed 
" ispennatozoa when:con^ttred4o drotricr!treamiBrusi(i3-vs. 3B%; 

■ £ tTiie;meairdittmtiwr of m of 
/ ^HGG;if^tmeni^wa£ 3711' mm* *'naige~33:5^5;0jn^ - 

wa/detected on Day 2 after hCG treatment in 95% of ;the mares,- 
. • : v range l 'i-4.day$r.: v s - • < \-\. ' _ v . v ; ^ - ' '! 
j, . ttne .mare mai ^ flow . 

; '.sorted, :frozBn/thawed spermatozoa > aborted ,me retus at 24o\ days 

; ^estadoa:Tl»c:feUi3 waa of the correct predetermined .:Sex. -All of 
\ the remamin£.mtu*>3 mat became pregnant with fio*\BOTted sperm 
'■■ . wftre allowed to foal and the sax. of 6 of thfc 7. foals corresponded 
correctly v to the BpBi*mato*oa useo\ Therefore, ? of }the ' $L mated 

^UTipregnated'With;$ex-telectcd sperm, -7 foaic.(fcfc%) werr of the 
. ^correct predeterraiaed. sea (Table 3). . . . ' 



Diaouaalon 

Upon oompai'ieon o/ flowing axwndera in the preliminary 
experiment, FR^ wet found to be the moBt daairablo basod.on 
pORl-tnaw rnotlliry of flow.' proooaaed itallion Bpcrmatozoa. It 
Should be realised, howevm, that ms may not bu the proforrod 
freezing extender for all stallions:. For instanxx, t*ponnaio20i< 
colleoted and processed from Stallion ? exhibited higher (P<d},05) 
progressive post-thaw motility when frozen in lactose BDTA 
(17%), than in FR5 (4%). Prior to application of this technology 

ft>* iiidiriduixl e»laJliujj/,, i( & iUUUilliJJBUdetf \.til\[ eBC/l partlOUitir 

stallion be evaluated in each extender as t means of C3ptimisiiif 
potential fertlliAuis oap&eit)'. 

In previous studies of frozen stallion spermatozoa, great 
variation amon£ Ktaluonc regarding ihe frcczh^ ability of ocnicji 
has been observed repeatedly. Pickett and'Amann (1993) estimme4 
thai 25-30% of Stallions produce aeioan thtti cryoprefierv^j; well, 

25-30% produce semen that xryoprcacrves moderately and 
23-40% semen that ayopreserves poorly. Similar rcEuitj: wen> 
obuuncd in the present trial with fiow f processed , spermatozoa, 
except posi-ihaw moilliries were even farther, depressed. 

For commercial apphendon of How sorted rrozeJi/Uiawct!' 
MttiUior apcrmatotoa, _ total post-thaw motilities >30% ; are 
desirable. Bwwd on the present etudy, 3 of 1 stallions (^S^Xwould 
miali fy candidate b for fnture flow sorting appli oaboni . Stall i ons 
A4nd C .wcie chofian -to be used in the preaani study, to 'compart . ■ 
, pregnancy ratec or maxcK insaminaiad with; low numbem of flow 
sorted frozen/thawed stalhon . spermatozoa, Additionally, due to ■ 
. higher poSl-thaw motHMes exhibited by spern\ f roaan in FRS, tbic 
, .extendcr was chosen aKlhecryci>icscrvaiion medium to ne used in 
.Ithcpresentexperiment. v,t - n v... m< ' v : ;.V./c y " 

The recommcndedT Insemination dose to * achieve maximum \- 
fertility .in mares, ,as ^suggested ;k?y :Piclcett and .Voss.,(1975i. 
: remains- as 500. « 10 6 pm^ inscmiuatBd every other day :wh lie trie ; 
• maresifi/in oestnis, However, in . several studiBs^nb 'decrease ch$$, 
..jferdiity has. bean found when Toawsrchem-nsed only^ 00^11 Of pms v j . 
-(HcJKtl*^ 

,^50 J!)ip^ ; pmK;dicJ reduce; pmgnaney-r^i^(Pie^ 
" to the fac'. v that only JUrnited nurabcxs of spermatozoa- are available ' • 
:-roUowinE flow sorting, and many of these mnvihave eomproxuiaad 
'function,. it Us .impemtiye that., insemination ^techniques Tbe 
developed ; that-, perm u low ^numbers .of >^ennatozoa ; k6 : ?be\ 
.mBeminated intp- mjnxs .without reducing TeufJit)', .. ■■ v ? >. . - • . 

.Perhaps the most exciting rmdirig of the presem experiment is / : 
•the'389t7 pregnaney rale achieved, after irisemination of oniy o 'X 
j 1 0 6 moUle froEoii/thawrcd aperinatc*toa.'*VidamcTit ct aL\{1 997) and " ' 
'Lcipoldef ai (199U) eetims led that approximately '300 x 10 6 pms '•' 
it the optimum .inB^rnination doe& for ftOien/thawed etnllion 
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Teiblt 3i'Preehoney rates from o aln$le lneem«riniion of nonsortBd andflpw aorted, Tresh and TrozerVthawea equine 'spermato^O* 



Troatmonl 


Mares 
uiBeminBted 


Nlaree pregnant oay To AliP 
(^pregnant). 


.Spprm 
mseminaied 

. 'r 6 


(foal) 


^Wonsorted fresh 


10 


A (40) 






/' A fiorlec* (r*eh 


16 


6 (8B) 


4 2 


A Z 


H^onsoned frozen 




6 (SB) 






Flow sorted frozen 


15 


2(13) 


2 - 


V 1 



a Thie mare lost her pregnancy ai ^fi montrLE; the t*lvs wrb male. 
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spermatozoa 10 be used forinscmlnmion. and pregmmey rates of 
26 and 4t)% per cycle wore achieved, respectl vejy, Tiic number of 
opcrmatoccow inseminated in the present, study was Jess man 2ft < oT 
thtn reoommondod minimiun number 0/ sperm, but similar 
pregnaney rntos woiv achieved (38%). Th* vuaoona in the proem 
study oan be attributed, in pun, to the uec of victeoandoacopic 
insemination, which pttmiltcd placamani of die apeon directly 
onto the papilla of Ihc uterotnhal junction. 

The aEnificance of these results aahicved using low number? 
0/ nonsorted fVozen/thaweiJ spermatozoa should nor be 
underestimated by ihe eauinc industry. With the ability to use. only 
5x id* motile spermatozoa per insemination, current frozen 
semen inventories could be used 10 insexnkfitc increased numbers 
of meres. Stallion* labelled *ts 'poor frccserj;' may also bcncfli 
from this insertrinaDon method. These- benefits arc more difficult 
t/> predict, however, ae the conae of thea* 'poor freezers 7 in not ycl 
fully understood. 

The lack of a Jjifimriaanl difference between (.he pregnancy rates 
obtained from the use of nonsorted vs. flow sorted spermatozoa is 
in agreement with previous studies, it) our labonuorv (Budaanan <w 
at. 200a). u is realised, however, that additional studies with larger 
numbers of marcs are necessary to detect true dlf rerences in fertility 
of flow sorted stallion spermatozoa. 

Ii is surpriairig .Ihftl the pregnancy rain? of flow sorted 
Bpermato&Ot» could equal thai of non.ioi'ted.fiporinatozoa, since the 
prcioadcre . is a iangthy and highly insfultin^ prooesa. Prior to 
Bortinft.. Bpeimatofcaa luVmcubatodibr 1 h at 3 4?C with Hoeohst 
33342. During *orung, ppenuatozoa are pumped at high preeaure 
. through fine tubing at -100 hsJh and are th*n. stored for cevaral 
.hour* diluted - at 500.000 sperm/m]. Any of these step* could 
. potentially Induce harm, nut it is not yet clear, at -which point the 
greatest amount of damage occurs, 

For. this staidy/the^proiniateTirjnsOTed controls were those ' 
.in which. RpermaEozOH did no: undergo any of !lhc potentially. 
■harmful treatments necessary in the spemi propiirntion and sorting' 
: process. Aimcmghrme spermfttozoa for these .controls did not 
endure any of. the neoweHry processing BtepB, the . tixne .interval r - 
) from! collection ; to .msemination i? (or^ireezin^Tcmamcd^coD^tantK- 
"fa' airtreatn^nt ^mups, Additionally, 'for both frozen >trentmeinr^ 
groups,. the number of motile spermatozoa t(» be inseminated, 
along with the volume of the inseminate, were the most critical 
.factors for evaluation of the process. Therelorc, <luc to differences ' 
in the .post-thaw moillldes of-aoried ys. nonsortcd spermatozoa, . 
thr-. concentrntionfi of control and sorted ■ spenn -that were 
cryopreaerved were not identical. /{ 
Timing of inswninntion in relation to hCG admin titration was', 
diilewnl for rrcob spermatozoa vb. frozen aparmaiojiqa. SimUnx 10 . 
previous work with iwunninations at the ulcrotuba) junction 
(Morris 21 al. 2000), hCG was administered n.maximunj of $ h 
prior to insemination for all fresb sperm treatment* (J and 2). 
When usimj frozen/thaweel spermatozoa, it 1m been shown that, 
pregnancy rates are highest when insemination. occurs within 12 h 
prior to ovulation (Amanr, and Pickett 19S7J. Therefore, 
spermatozoa from both frozen treatments 0 and A) were 
inseminated, 30 to 32 h after hCG administration. In retrospect, it 
might also be beneficial to inseminate fresh flow sorted 
fipcrmutozps 24 to 30 h alter hCG administration so thai 
ipeiinakjxijj: were in the m;ux within 12 to 24 h of ovulation. In 
previous studies of flow sorted boar spermatozoa, it was observed 
thai sorted sperm exhibited « higher proportion of membranes that 
were acrosome-reacied or prccapacllatcd (Maxwell el al. 1998). 



Therefore, if may be that flow sonod spermatozoc are similar to 
frozen/thawed spermatozoa and have limited longevity in the 
oviduct. Pregnanpy rate:- may be muximised, therefore, by 
inseinlnacin); flow sorted stallion spermatozoa within 12 h of 
ovulation. Timing or inaetrunatlon of flow sorted stallion 
«pennutozon warrants additional Study. 

The pregnancies obtained by inscTiUxiRtlon of only 5 >: lO 6 
motile flov»-{jortod, frozen/thawed spermatozoa axe of great 
interest. Although the prvgnnnov rates for ihb trcnaneni group 
were low (2/1$; 13%), tlm if. the first ropon of pregnnncies 
obtain**) from the iiuamination of flow sorted cryopreaerved 
stallion sparmaUMOii. When comparing the reBultt from the A 
treatments, it appeaii; thai damage il> stallion tpormaioion induced 
ny now eorlini: is additional to that caused by freezing and 
Ihuwin^. This is evideni when comparing the prcgnaiio)' rat^- of 
flow sorted rroxen/lhawcd spermatozoa C139c>) to that ofnomjortcd 
frozen spermatozoa (3S%) or frcah flow sorted spermatozoa 
(38%). These Difference*; would prooaoly be Ercater If larger 
numbers of mares were used. It is Imperative that a less harmful 
method of free^int atallion apcrnuiu^oa be developed if flow 
sorted frosasn/thawed sperma^cia is to become practical, 

The cause of the late tonn abortion in out more . was not 
known. A phenotypicallv normal ferns .was recovered >from the 
mare. Necropsy of the fetus reflected normal development; to the 
time of pregnancy loss. Blood samples recovered from; die > mare 
and fetus were- analysed and no abnormalities wck detected.*^ 
Jt) summary, wc have demonstrated, for the first ;iimc; that 
pregrttineies in mares can be obtained using only., V;x. Inflow 
aortcd.-frozen/thawed stallion spermatozoa When sperm are placed' <; 
on ond around the uterotubal junction by hysteroscopiC '' 
' insemination. Furthermore, 'hysteroacopic insem ination ..can jbc ' 
used effiaolively to inaeminate low numbers « of - froten/thawed 
cutllion cpcrnuitozoa ac well at llow.aorted atallion gpena atoxoa.'v 
and rEafiQnable pi'efiTianey ratos oan be achieved. ;'; *' '\}..\ : 
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^ mnnm ^, rabbit* (Johnson et al. 1989) and man (Fuggcr 1999). as wd3 as in 

several other series, improvements to the fsortin£ process and 

The objectives of thifi sfcidy were 1) to compare pregnant now nffithods uf mscminaUon are being developed 10 enhance Uie 

rates insulting from 2 method* .of m&aniinfllion using low application of this new technology. 

cpenn number; and 2) to compare pregnancy rates muittuf The most JiinWn£ factor in optimising the anccc*?, of artificial 

rrom bysteroicopic hMemination of 5 10* nonsorted -and insemination with flow sorted spermatozoa is the low number of 

r S -i 10* spermatozoa sorted lor X- and Y-CHroitiosome-bcarlng sperm available after sorting. The minimal feonnTi m r. n r ind ;do5o for 

populations (flow sorted). Semen was collected with an conventional artiftciai insemination in the mare is 500 .x 10 6 

arttflctal tofflna Irani 2 BtaDlaro of known acceptable fcriilfcy. progreaaivcly moiil* eoerni (Piokett A "iiT: IMP). .Tiafi^ the 

Oestrus ms 8yiu±romBBd (June to July) -in 40 uwrcs, age current sort imc of.aictmd lOOOsperrjiaxc^^ 

3-10 yenra, by axtaoniiteri ng 10 ml jtoanoaaat ©ralty for .bovotmI days to obtain the aocananftrt dad doaeof a pemattama for 

10 conaecntrve days, foltowed by 250. doprostenol Lm« on artificial inaamnation. This is not only itnprt^^ the; 

Day 11. All mow ware given 3000 ht JbCG ix- nt the frmp df viability of the apennatozoa' would also be signiQcantly reduced. . 

insemination io induce ovulation. Mares were assigned Therefore, low-dose inscmraalion techniques must be developed:' 

imdomly to 1 Of 3 treatment groups: mares in Treatment 7 , to reduce tbo numoer of spennatozoa ucedod to mnxJmte ffeniJityv, 

(0= lO)weiii5eTiiiiiatot) wffliixlO^spCrttffltoxoa deported ; Buchanan ei&2WR\M^ ■ 
^deep inJo mc ntem The uses-', or me videoendoscope .port ^ oF"thc;^clirm^ 

Mares in Trcdtmait2 (n - 10). were InscininaiadwitbS 2;i0* oxamlnailoii of thc nnarVreprodnctrv^ 

.spcraimtpzoaidepos^ epa5 enabled ^ TclnliYcly. simple, :(PBj^ j ;anH t ; i n^ip^_iie^ 

f^j^' j^yfiipypc^nipi r incprninB ttmi ytAjirts ixy^Trvai/iitrii *3. (n ~— ! 20) procedure It 1 ' he * developed* for .* tbio .' deposed on * of * 1 ow s nnioboiB • of , 

were insqnfamtcd uaing .fee hyatnroacopic Uohttlquo with apennatozoR dirwtly; onto the, papilk of th^ utan>niha) Jmiction ', 

5 a IO 15 Dow.am^ apennatoaon. ^^iipeiinotoBoa were stuuad (MohAb *t dL 2000). ByatwoMopic intcniin^ 

iritib Hoeahflt 33342 and-sarioa- Into X- and . y-shnomosomfi. : f£.x AC^ fioermatoaoa^onlo.lhfc : pop 

bearing -populo*loitt baaed on DNA contiait nsbg an SX routed in Vpnegium^^ 

MoPio vponn garter. Prugnaney was determined obtained with r conventional intrauterine artificiiil *iasejnination'' 

iiln*jiwnograpbicaD,y at 16 days postovnlatlon. Hysteroscoplc (Morris et al r 2000). TNs dose, K100th : .Of /thai used ^ *Tor^ 

insaminatian resulted in more pre^nanciej) (5/10 = 50%) than conventional uterine insemination, represents-a siinicicnib'/smHll;. 

did the ultrasound-guided tedmlcmt (0/10 = O^nV P^Ofl) number of spermatozoa tliai can bo sorted into X- and 

when nonsorted sperm were. mseminated/ 'Pregnancy rates Y-chromosoin^bDaring, fractions in a rca5onablc.rimc;£ranie, At 

were not Slfintflcangy lower (r>0J)5) when hystcroacopk current 50Tting<ratt» of 2.5 tl 10 6 oolle^natniinont (MoFio) 1 ^,. 

.insemination was used for sorted {5/20 t=25%),and nonsorted enougli spcnnal02Oa '-(either X- or Y-chroino$ome-beafing):for . 

spermntoaoe ..(BflO - 60%)* Therefore, hyBteroeeopic hyatcroaoopic insomi nation could easily be .sorted within 4 h. A . 

insemination ol low numbers of flow sorted stallion sirnilar in^eminatiDn raethocl forlow numbers of ilow.sKnicU ram 

spertuatozoa remili^d in reofiotnablv prognmxrj' rates.- ■ eponnutOfeO* has been used to produce « nnrpg^ fiii , pregnancies in.. 

ewes (Cran e/aM 997). ■' 
Introauction '^hc 2 objeslives ot'tliis study were J) to compare pregnancy' 

rates after insemination or 5 x lO 6 spcrmutOdOU deep into -die 

Higli speed sperm. sorting usil)£ ^low uyLornctry hai been uaed uterine honi with the aid or ultrasonography, with those obtained 

successfully IP produce normal offspring in horses (Buohonrm el after deposition of the BpetiniLioLW onto the pauUla of the 

at. 2000), cattle (9eidel cr al. 3°99), aheep (Cron *x aL 19P7), aterombaJ junction using hyatcroseopy und 2) tp compare the 

^ pregnancy mtcs of mnrea inaamineted by hyHt&rOficiOpy with eidier 

•Author to whom correspondence should be addweeed. 5 « 1Q b nonanrtod or.S ^ 10 fi flov cortcd spcnnHvo^ia 
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Hyiteroscopic maomioirion of 




Fin J: bum and outer catheters both extruded from the vldeuatiduscopt. 
Inner cmheier u tn amrnct with uiorvtuiml papilla. 



Fig 2: Tiie rptrmsuspenslnn has btei\ expcllad onto the uterotubal paptiia 



Material? and methods 



Mare rwmagment 



The oestrons cycles or 93 )i£tii horse type marcs in igaodrbody 
condition, age 3-1 0 years, ^crc synchronised by administering *) 
•synmedc ^progestagen, -altrenogBst (0.044 ma/kg ;bwt .per } :os\ 
Rogirmale) 2 daily for 10 consecutive days. Lweotysis was induced, 
•with tbc prostaglandin analogue, olopiosiertol (250 fi£ EeterananA - 
ijTiO/ administered on Pay J l:The marcs' ovaries were examined 
uhrusonogmphiftally evoiy second day until a follicle *fc30^m*> 
diameter was detected. The marcs with large follicles .were than , 
examined . caeh moving until a follicle .^35 X ,35* mm was 
detected. These jiruwes were assigned iandOTniy - to one of 
•3 tmatrnent groups and instarnnated the same afternoon. r ' ; 

* ^Ovulatifm vw ir^ °f 
v;3000 -in ihV3«J(QiaMQ$ vi.Y.. -mthe .-time of ;- : 

|toscmmfltipn^r mKimjm pr^^ 
'^was 

. contairung'thc libminanl follm^. Following inaemmafcion, mares - 
wcietetorrHned daily-by idttMounduntn ovulation woe detected U> 
derermme-thc : day i of* ovulation. Pregnancy e^toni ncti one ware. 
dotei^in^iult^ono^phically on .'Days' ld» ' 14'- 16;^^- 05H i 
.after ovulation, (day; bf^ovokticm = '0). Preg.nam:yVstEtns: was' 
• dctnnnih«i usmg Day'-I£ ejaunirattiDn. . \ [ V : " \ 7 ;< 

Throe ' mares that . became \ prcgnanl aHer insemination with \ 
•flow sorted sperm were allowed to foal to determine the normalcy' 
oroTTsphng resulting fronrflow sorted spermatozoa,' as well .w-tp. 
.Rfinfirm ihe ftsultir^iaexibf the foals. • , ' . 

•Semen collection andp wcesms .*., ;. 

Two Arabian stallions, (age 4 «nd 6 years) of acceptable fertility 
werc uecd in this experiment. Somen -was col leered using an 
artificial vagina .(CSU^.with au inline gel filter from each staiiion 
oa alternate days throughout, the duration of the project. After 
collection, the semen was evaluated for gel-free volume, motility 
and Sperm concentration. Samples were exiendua at a ratio of 10:1 
(cxtenijenfiemen, v/v) wlch prcwarmcd HBQM-3 .(Punish cr al. 
1988) and. cemriruged iramriialely ai room temperature fox 
15 rain to\ 400 g . to concentrate > the epermatoaoa. After 



cenlriragarJon. toe snpcmaomi concurring 90% of The seminal 
plasma was removed, leaving a soft sperrn pellet for farther 
processing for one of 3 sperm treatment groups. 

7rootmenr ;: Aftepceruntugiaion.;uic semen -WW (OJuted to;provide 
1 00 x 10 6 spennaiazo*miI in a commercial skim milk extender (EZr , 
Mixin C£T> S - Theapeim euspxniaion wftfr ptotaotad from .Ught and 
/ irmintamed for 6 h at room temperarj^' ; $0^25°C) to simulate the 
' ,iimo needed .to eon tho sponnatoacoa for Trtdimtni 2. The arienri 
. snspension was then centrjfngcd through a 45:90% ;.Percoll 6 ; 
riiirontinuous densily gradient to rcctmccDtiatc the cclls;imci lo 

• select a highly motile fraction or spermatozoa. The 90% ^Picrcollwas;, 
diluted at \a ratio ,of 1:1 :(v/v) .with j HEPE5^bmtered Tyrode's«; 

••medium (Cr^nflahi & al 1996) to make a <5%> solution. In a!5 ml .j 
Mrarmige*tUDX, l:m) 459b pBrcoll vras'lnycred OAi^olly .onrtop.of ■[ 
1 :m^9(H» ; ^BrcoIl, then 3' ml .oPth* epemft : suapeMiou[(100. 

>apern^ in : B-Z ; Mixin 

• :iayeta,vnnd .thc;tubc . was oentrifuged.at : .800^ f ior. 12 mm^>A^te^^ ; 
; otmtrliugatjoa, ?fte^ 

pellet reBUBpenoad in 600 . fil HEPES-buffcrcd .TyrodeV medium.- 
The opetni concentration was determi ned using a Bftrisimptrr (5MB i 

.' ^OD-i^t'and ti>e required volunx' to dcHveff^ 5 *x 10^ spermatozoa ; '. 

-(^lOb.^was 1 calculated and r^pared for'irisemmad 

;MareS;(n =. ID) were msemiruitBZl wltli' 3 x.lO 6 ftesh/ndnsoncd' 

- srxamalwoa^using anuhtasound-Euidcd u^crmique (Buchanaii'-ifi/ aL] , 

;2000). The Uisemlnaie was deprjsit<^.atthccmmal-tii5 of ; -fhe. umrine-V 
ham ;ipfiilateml to -the pmovulatoiy.Vfollicb . iisrr^ 
implant e^ dcaignttl for uae wrflv O^ ml atrawe?. Thc^locotion ; of 
the implant gun ^within the uterus was confirmed by H'ansrectal • 
ulttoaonogrttphy prior to Bpemrdapoaition (Buchanan el aV2000)^ \ 

Treatment 2\ Marec'(n = lO)»ware mscimnaled with 5.x I0°1nesh, 
nonsorted sperm using" the hysteroscopic bsernmarJon tcchnLciuc, 
(Mottis it nL 2000). The inscrninate was. prepared; by the. same "' 
method, used for Treatment 1. The predcUerminec dose was rhen 
aspirated into tin equine dift cauieler* usinE.'o 6, rnJ disposable 
syringe auaohed to me injection port on ihe disial end. of? the 
catheter. Tiic loaded eutheteT waa drawn into an outer 
polypropylene cannula, whioh then paaaed down .the working 
channel of a Pentax EPM 3000 videoendoecope 9 . The flcxibie 
ondosoope (1.6 m long with an oaler diametet* of 12 mm) was 
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TABLE 1i Pragnanoy rat** for maree Inaamlnatad with 
nonaartad and flow aorted ipenntttozos 





Mares pregnant 


Sperm Resulting 


Mares 


1 6 days 


If loQIIIllmlwU Won 


Treaimont inaemlnateo 
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d e ^ p 


Ultrasound, 






nonsoned 10 


0(0)* 


•.. — — «• 


Hymeroscopy, 


6 toO.Of 




nonsoned 10 




HystereaWpy, 


6(25.0) ft,b 


s 2 r> z 


aex-sortad 20 
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^Vaiuuc wHh olfterant eupereorlpte differ (P<O.OS); °On© 

pregnancy waB tost prior to sex determination. 

guided rJnonm\0ui cervix nnd propelled forward through the 
. uterine lumen ofthc mare CBrncher and Allen 19S>2). Under visual 
control the enrinscope .was directed along the uterine horn 
jpSUatfttal to the ovary conifllalDg the preovulauory follicle. When 
the tip of the endoscope came to within 3-5 cm of the papilla at the 
UlCTOttlhal junction, the outer cannula, followed by th*> \ji**t GIFT 
catheter amttinim; the sperm suspension, was extruded from the 
.working channel of fc* wdowopa until: th^. u>.orthB.GI5rr.cathBtcr 
. .touched the papilla (Pig. lX.Tbe plunger ofMhc syringe was than. 
- dapreesod, depositing the email volume (-100 ul) of thfiinnanbiflie 

• onto the ■ surface - of* the papilla (Pig ^/Tbc endoscope . was 
:■ -wWicfaawn cteadiiy from : the uterus while smnitanoouBly,. 

cvacuafingthefihEicd air- that hari.prcYiously.iJccn. introauced to 
-^&cilitatc passage of the instrumcrjlirwuflli the uterine lumen. ; 

■r^BOBcd/Sperniauiz^ 

' itbr.;flMP7ngnr;Z The,< c o acciu i tt ricnY^b,f the ,apsnnatozott>^U»r| 
' 'eeirtrtfugationVw«s •.o^rnuiu«J^u»in^V^ 6 '.Densimeter, .-and .u 



after counting the apennatozou uSlnt a luemaoytomctci. The 
aamples were then diluted to a fiuoJ concentration of 50 i ID 6 
<jpormato^oa/mi In HEPES-buffered Tyrode's medium cDnmlnhig 
6* BSA.Thc .predetBiTiuned volume (100 fil) war. then loaded 
into on equine GIFT oothntor and inataninatod usim: the aame 
hystcrosoopit technique as described for Tyeatmeni 2. 

Statistics 

Stothrtical dlftcrences (Pc0.(15) in pregnancy rate* were detected 
using Chi-aqnarc analysis of the results. 

Results 

No aitfnttlcant difference in pregnancy rates between the stallions 
was dcrcctcd (Stallion A s= 6719, Stallion B = 4/21, 19%) 

and the dam wen? therefore combined. Mnxoa insermnated with die 
aid of the yidooendoaoopfr Had significantly higher (P<0.05) 
pregnane)' rotes than those inBemrnatad at the cranial tip of the 
uterine horn using the uhxasound-guidttiifichntquE (Table 1). 

None of. the mares inseminated using the ultrasound-guided 
technique brrrnmr pregnam compared with 5 out of 10 mates 
.ingeminated with nonsoned spermatozoa uswx the 
videoenfloscope. Presnancy rates were not sJgnlflcarn^yicrrrrcrcni - 
formarcs inseminated with fresh nansorted sperm (50%)and flow . 
sorted ap cn i) (259fr) after. insoniination using- the videoeitdoaoopt.. . 
One marc inseminated - with Y*bcaring -sperm , /lost -her :V 

. pregfta noy by 35 riaya after ovulation nnd therefore the era of lh6fn 

.'fetus could not be determined. Tins was Ihecmly embryonic loss, . 
..that oocurrod (1/5; 20%) msulting.from flow sart&d .epecfiv •. 
. Pregnancies resulting from « the i neemi natioi of nonsorted : 
spermatozoa warn terminated onDay 16; therefore embryonic loss 
rates cannot bo compared between treatment groups*. . * •> . . ^ • 
, ;Qne;mDrc insc*^^ 
Was ■ suojected .to culhanaaiii [ 1 .5 s 'days , after- ovulation nA^ito^ i] i; 
/ : ^i^aaininTeSltaal 'problofm. -The ; nonceptus ■ ms^flush^^pzicT^W^ 
£^culhan!U>ia'Of:the nmro arid PCE analyaifl :(Peippo/ct"ia^;:.19 0 5): : ^ 



-volume of HBOM-3- wftaiSUad^ provide K;ap«in';OOiio*ntfation \ ^ " i^caleo it ,aa a'f emalc , thcicxp^clocl aax: Th^/raniiaj^e/d^inmB^ 
^0^400 ■■x*i^':ipeimntoEoaV^ an.&ax to tKe^l^rmatoaba 



Btainecl : wlth,55 \i\ Hoaohct 33342 (5 in^nl DDH^O) and ; 
,' l '.vineubated for 1 h at 34*C. The BtiuiiitfI'mTip 1 " dian diluted ip^* 
.':*; : 100 x 10^ «pemVml;fbr «oriing byithe addition* of 3 ml ; HBGM : S ' ; - r 
^>ontoming -food colouring<(l, ; '^Il/ml '■ ■ - 1 %l£QSC:No; '40), lie : f: 
Kamples^weia rJuairfilu^fmron^^l^^ 1 
v - cpolypmpyler^ tubes- and fneitl f£-ima^BB0iim' WUt Tunher *;/ 
- ■ use (Johnson 1997). . Argon HaaerR, emitting 150 mW.^t- 
'h.wavelen£ths of .35lran'd u 364 nm,. were usad «on each 
' . 2 ■ Cyioraation MoFlo' flow- cytomctcr/cell' sorters modified: for-. 
- sperm sorting at 50. pai^The sheath fluid was without 
:BSA. Spermatozoa were Ported at approximately 100D Itve 
3permatozon/s into, 50 ami cantrifufc tubas. For. U marac; tho flow 
vsorted spermatozoa were collected into tubes contaming-4 m) of'n 
coumieroinl eknn railk wtena^r:(B-2 Mbdn CSJ) as catch fluid. 
The rcniaininj,' .6 mares wcie inseminated with spermatozoa 
oollsptad into tubes eontairting 4 ml -of- skim mill: and egg yolk, 
.extender (Squires ex al 1999). Tubes containing spermatozoa of 
corresponding sex were pooled Trom each flow oytomeier, ano 
sorted spenn were, centrifuged' for 20 mm at B30 g at WT. The 
Eupemaiant was removed ro leave jlu -200 yd sperm peUei.. Bellets 
were Tcsuspended in 100 fil HEPES -buffered Tyrode'e medium 
. containing M BS A. Th* final nperrn conccntrslion wa^ calculated 



: inaami nated. Therefore, .of the 4 marat imprognatoc with flow 
.sorted .sperm,- .all- 4oais .''(100%). ware of the Vcorrect. 
\ pradetexmined scec (Table 1)* ^ . v ^. 

V Dkcuaiaon ' - " ■ : -Li^;,: •V i M . r ^. r : 

.Based on the results of 'tlus^ experiment, hysteroBcbpicj;^ 
; lnsemlnaiioji directly onto the'/ papilla of the uterotubal .'janctioi^ 
was'thcprofcn^ method'mrkse^ oFrnareB not only^witlV ' 

low - numborts of >6permatozoa (MorriB-'or al .2000) bul -aW; : wiU\.. i 
• low numbers of flow sorted stallion .spermatozoa. PregnancieB ;. 
1 were 6£tab1i*hed in 5^20 inrcnrinalions*pS%) using only. 5.x 10* . . 
. sorted, and in 5/10 insemination^SOftj usm^ithe same nurnbeKof,'. 
nonsortwj . spennatozoR. On the other' liand, no pregnancy; ^-was . 
obtained after insemination with' the ultrasound-guided technique : 
- (Buchanan et al, 2000) using- similarly low.numbcrs of^nonsoned 
sperm. The results .of the. uUrasouuo-mildod deep intrauterine 

insemlnaUOll technique dirfer from tliosc obtcuncsd originnlly by- 
Buchanan cr al (2000), who' achicyed n 25% pr*trn£irtey rate 
(7/20) uainj; 5 x J0 f ' nonBorted BpcrmatOEO^. The reason for this 
'difforonoe if uncleai'.. but it may be clut to the additional sperm 
procej;ein{5 ihrouaii the Pcrcolr griidien! and the lower volume of 



Hydroscopic inseminntiou of mares 




Ibe inseminate used in the present oKpcrimonl, or it may be duo to 
the use of clllferont utflJUona end/or technicians. It i& »pouul«tftd 
that the lmv volume (-100 ul.) of the ' inseminate uaad for the 
hyBtPrwcopic insemination h«» * banafioiai effeot of muinttrmntt 
the apormatozon on the uterotubal junOlion. However, for deep 
iniiommation, a higher volume <*300 jil) may be required to 
facilitate passage of tiie sponmttuzoa to the cite of fertilisation in 
the oviduct. 

There appeared ic be several advantage to using the 
hyHteroscopic insemination technique. Rrsily, the insemlnaiDrs 
were able to deposit spcrmumoa ontoihcaifcrotuba) papilla more 
precisely, UierBDy minimising lo« of the ins^axrinaie into the 
endometrial fold* and deep crypt* found in the uterus of the 
ooEtrous marc. In conu-asi, whan thfc deep intrauterine technique 
(Buchanan et al 2000) was used, the inseminatorp could not be 
auro oflhe pmoiRB looation of Hperm deposition. Evon though the 
location of the tip of the pipette was observed ultrnsonographiqalljr, 
this provided only a rough estimation of Ihe exact location of the 
pipette al the time of insemination since the uterotubal junction 
could not be visualised by ultrasound, -in addition, the location of 
the uterombal junction was observed to bo quiie variable during 
hysieroscopy, which mlfihi decrease the precision of aernen 
dcpOSidon*usln|tbc ulnrasouncl-guidBd tK^miqui.. 

\ Furthermore, while -'guiding ths endoaoopc through the lumen 
of tho nkftttt f 6 utorus; the inacmmfltOffl could mininiiBc damuge to 
the -uterine -wall . Bowevery'inilho • uJtafcoond-ftiiided technique 
(Buchanan tf/fli., 2000), pafisage of the pipotfce ; .ttaou£h'ine lumen 
bf.ihc olwus relied aolery upon raianipuuttion of the pipatm and.lbe 
uterine * horn . per rectum, and ; irritation find da mane to the [ 

", endometrial wall may have occurred. This dainu^nmy : .cr*ite ah 
) inflamed uten^ environment, winCh= would be detrlinental to boih. 
the spenn Ykbffib' find suosequ^ckbiyonic development. ; 
;- l^em1filess,:poiontia) .problems -may isfflif arise during^ the • 
r^hyslertiscopic pfocedurE.Tfor : :^^ amvcasily^ 
. S ceramic twisted during passage in - the menu - of -the more, rosultingV 
SV in ft ^disorienliirjsd video imager and ^me^Bpennatozoa^ 
■j> acckdontnllv ^deposited ..in* \ the u twine ' h ore , .eontralateral - to * 

^ian^o^lbyolato flccidgni al Wrrmp"l nf th o ; 

^nttiTinV hoi a by du^.UieilUB iHsoTBWaTOra 

' tcry uulikajf ^hjweveirlii this. study,, data from* one : .mare was 1 

. excluded after tTp of foe' viuW^ 
.Testa1>palpau^ 

beJlevc:ttat-iii$ of 

/:me BC^owilhiP^ 

/vFurTjiennorc, additional care must be taken to ovoid 

v-postinReminatioo endometritis ^ . when . utilising . " the 

' vidcooTidoscope. in oune^crirnent. onlv onB mare waB'found.lo.. 
hove .uterine. iTtnammndon ifollowing inseminadon. The low , 

'.. incidence of cnC^rne^itiVobBerved in'lhis'CUidy could have been ; 
;due to' strict attention to vulval hygiene,, cleaning of the 
endoscope between •marci, use of -'a very. small volume of semen 
rind ..insemination of the mares ;prior : to ovulation, It is. also 
necessary to remove die air from Ihe :lumen of the uterus 
immediately after insemination to reduce the irritating effects thnt 
air may have on the endomoirium (Caslicl; 1 937). 

There were no significant differences in tht pro^nano)' rates of 
inareiy inseminated with nonsDrtcd and flow sorted sperm in cither 

.tho present 9tud)' or the original ultrasound-guided iu8emination 
technique study (Buchanan et al 2000). 11 must be realised, 

. however, dial differences in pregnancy rates may not have been 
evident due to the small number of mares used, in these studies. 



HtKionl field trial n utilising largo numbers of cattle have shown 
similar pregnantly rau& with both aonad and nonaoxtod cporm 
(Seidel *h eL When the roaultt were oombined from, all 

previous triulw including the inseininatiors of heifers with cither 
flow sorted or nonrortcd control apermatozoa. the pregnancy rates 
obtained after insemination of sorted sperm were within 90% or 
the nonsortcd connote (Johnson and Welch 1999). 

Buchanan et al. (2000) revealed a trend toward higher early 
embryonic loss rates in marcs inseminated with flow sorted sperm 
than in the control group, in the prosont anidy, one of 5 ranrea 
(20%) inseminated with flow sorted spermatozoa lost the 

pregnancy u( 14 day a aftai- ovulation. Thin mure developed -an 
embryonic Ycsicle thai hod a normal appearance at Day 16; 
however, on Day 22, an abnormally Jtmall eoneeptus was detected 
which contained a fetus, but no heartbeat. By Day 24, no vesicle 
was present. When uain£ fresh nonsorted semen, early embryonic 
loss rams have been reported to fce oy Day. 14 ond as bigh.as 
16% hctween Days 20 and 30 (Squires 1995). Embryonic death 
rates in cattle have not increased after insemination with flow 
sonetl spermaiDZoa (Scidc) ei al. 1999). When .marcs wcav 
■ Inseminated ■ with flow sorted spermatozoa using the urtrnaonnd- 
ETiidcd loohniqoe, 2 of B mares (389c) lost their pregnano'tea 
. /betwocn 16 and 60 day a after ovulation ^ ^(Buchanan et.al 2000). It 
ia unlikely that thifc incmaae in • ambry onic ; loss .was due J to ..the 
sorting process, as it was nottepeared hV the present stndy.^thcr. 
.; the logs .may -have hrrh-due ro inflanimatory changes associated . 
with endometrial * r damage incurred during ^e;. deep intrauterine,;, 
insemination' procedure, Further studies involving higher numbers 
:-,of mares insemlwUBd -with llovy/soited aperni jn^^needfiri^iD.. 
Vdetenxflncif -embryonic loss will be .giraterfeinBTCsHrisemnati^r 
..' with flow,. sorted spermatozoa than ■ pi c guan cy rates .r:uf r ...ihDBo < : 
{ ^mscn^natod;wmvnonsait^ 'J l -K:-<^ 
"/.; rADolber factor .that needs further inYWdgo^ett, >in^^ 
.^increase *thc^ oEBdacry .-of inseminating ' mares 5 with ; flow vsortcd 
" ^aperm/niB ^detonnmauon ;of -the eppropiiate number of y:cortod / 
. /spermamzoa^reqmrcd: for sahsiaotory fertility. .(Buchajjanyijr ialX 
^TOOOvMom^ aL 2000); The ^de^iru^ih^^ 
? soTled, stoTlton sperniam^a .will mytflye ^exlowe^t^raslpJe^ 
•^^numbor - of ^^rnato^^tlwtVcaii }bc^usci}rbuuneiy^ 

ifertllity rates .withtii 90^ ox ihose raies.,;resulimg yfrom; 
1 ''CDTtYentlonal ardflcial irtscmmtRikm. Current pernancy rnt&vfnrm ' 
insemtnanon with flow sorted apc mifllu aoa in { the hrjrse at J6.-«nd ; 
^ ( ?d0idrry5iefrci: ovulufcion arc, 'respectively, '25'Bnd iO% whon using • 
. '}5' n lO^ xnotile apeirn.:(thi5 atudy) emd 4P - and. 25^;..when5uajngy 
''25 x /10 6 total aperru r. (Buchanan ^ y al 2000) /Sinoe theae ' 
,; experiincnte . utilised Vdrft erent -;jnsemiiiation ^tochniquci, '* 
. -y comparison betweon' the 2- siudies »$• not jusirfteri In a reeenr atudy ■ 
. /.using 'hysterascopic inscrrdnaliori technique; Morris ,ct al. (2000)' 
^ reported ;;rliat inseminadon of only ,J.;x,.'10 6 Percoll-treated"; 
• nrjnsortecl spermatozoa at the uterotubal -Junction, resulted JiT 
. satisfactory prcfinancy rates (64%), which- were cquivalenL to" 
^ those Obialncd by conventional intrauterine insr^niiradori. It ia 
possible that a similar inscnunali on dose could be used, 
.succcsifully -witli flow sorted apcrm.'bul further • experiments aiie 
necessar)' to determine the minimal sperm number. 

TivtiiiB atudy, the inuominulione were performed come 30-36 h 

prior to the audcipatcd time ofovulation. Further investigation to 
determiri£ die optimum Lime of insemination usin£ flow sorted 
.spermatozoa is required. A major difference between the 
nonsorted hystcroscopie sperm treannent (2) and the flow sorted 
liysteroscopic sperm treatraeni (3) pertains sperm proccaAinf; 
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prior to inserninatlon, The now sorted spwmwozofl were 
processed over several hours nnd wore run through .a flow 
cytomctoi, ThU flllOUJd be compared with nonaorted control 
Sperm, Which wju maintained in a aklm nillk*btwe<i oxtonder for 
an equivalent timo period, and thon oantfHugod for ttmin through 
n Forcoll danaity grodioiu. It may bo that hwaminntion of the flaw 
oartod aperm m a time olostfr to ovulation, to compensate for 
leduoed Bpe-nn longevity* would improve piRgnanoy tans. 

In summary, hyataroscopic insemination is H practical 
toobniqiuiforinscininiilion of low numbers of flow sorted slallion 
Hpermatozoa. Hydroscopic insemination at the uterotubal 
junction is a relatively noninvasive und straightforward procedure 
Which can be imforuiken in the majority of mares and could, 
therefore, easily he incorporated into many modern breeding 
eonires. The uso of thin technology, OOVpted with high-speed flow 
cylomatric rating (Johnson ei at. .1989) in this trial, has produced 
3 healthy, normal foalt of* the correct predetermined sex usim; 
only 5 x 10* motile spenrjatoioa, With continuing Advances being 
made in these research areas, it is conceivable that this technology 
could be made uviulahle to corrnnemtai artificial insemination 
programmes in the near future. 
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\& O Ni-O O M-EJ iG. «, O T" T E: E O S' 
SPERM CELL PROCESS SYSTEM 

1. BACKGROUND 

Effective preselection of sex has been accomplished in many species of livestock 
following the development of safe and reliable methods of separating sperm cells into 
enriched X chromosome bearing and Y chromosome bearing populations. Separation of 
X chromosome bearing sperm cells from Y chromosome bearing sperm cells can be 
accomplished as disclosed herein and as disclosed by various international patent 
applications, for example: PCT/US99/17165; PCT/US 98/27909; PCT/US01/45237; 
PCT/01/18879; PCT/US01/15150; and PCT/US01/02304 .and United States patent 
applications 09/582,809; and 09/015,454, each hereby incorporated by reference. These 
examples of separating X chromosome bearing sperm cells from Y chromosome bearing 
sperm cells are not meant to limit the instant sperm cell process system invention to 
sperm processing. technology that flow cytometry sorting devices or flow-sorting methods y . 
but rather aremeant/to be illustrative of various processes by which sperm cells may Ve-> 
separated from one another and.toibe illustrative of the manner in which ; sperm- cells rare, r ; 
cbllected^handied, separated, transported, used, or.stored.as a contexLiniAvhich the instant 
invention can be understood : 



a £ ■"; 



; improved significant problems remain w 



collection, handling, transportation, {separation, use, -.or storage processes. 



n. -SUMMARY OF THE INVENTION t 



Accordingly; the broad object of the invention" can be to provide devices or 
methods for the collection, haiidling, shipment,; storage, or separation of semen or sperm :" 
cells to maintain sperm viability. 

Another broad object of the invention can be to provide devices or methods for 
collecting, handling, shipment, storing, or. separating semen or sperm cells obtained- from 

1 
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various species of mammals, including, but not limited to equids, bovids, felids, ovids, 
canids, buffalo, oxen, elk, or porcine; or obtained from prize, endangered, or rare 
individuals of a mammal species; or obtained from zoological specimens to maintain or 
enhance sperm viability. 

Another significant object of the invention can be to provide devices or methods 
for handling and transporting sperm cells obtained from equine mammals. 

Another significant object of the invention can be to provide devices or methods 
of separating sperm cells that can maintain greater viiability of mamalian sperm cells 
throughout a flow-sorting process. 

Another significant object of the invention can be to provide devices or methods ;, 
of maintaining sperm cells at greater viability for purposes of arti ficial insemination pf • ^ I ; ; 

; : various species of mammals,, such as those described above, or.- even artificial . -V ■ y ■ % ■ 
insemination, with a iow br reiduced number of sperm cells compared to the usual number^ i ? :\- 
or typical number of sperm -cells used in such) artificial insemination pro 

' or not such iSpenn cells rare -s^ r < / 

chromosome'-beanng sperm cells ' . 4 " , y » .\* ^' 

«£« -V r - -* „ ' ■ -<-' : <?' •-fjf. . / - : • r> f ■ < < f •' 1 : . •. { r v: ■ '.?'> ■ i-- 1 ':.,... 

■* "Another sigmficant -object-of the invention.cmJbe to pjro vide devices o 
: for the shipment of stallion sperm prior to separation of flow-sorting of sperm cells - * 

;,IH. B^F DESCRIPTION 

Figure 1 provides a.graph showing that as stain concentration increases the totol l : • 
. and progressive motility bf.sperm cells decreases, % dead sperm cells. increases, :and the . ? 
ability of flow cytomelry techniques to resolve X-chromosome bearing sperm cells from 
Y-chromosome sperm cells decreases. «V 
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Figure 2 provides a graph showing thai sperm cells extended in KMT remain 
more motile with respect to both fresh sperm samples and sperm samples stored for a 
duration of time at room temperature, such as 1 8 hours at room temperature 

Figure 3 provides a graph showing that staining sperm cells at higher pH can 
decrease the % dead sperm cells in stained sperm cells samples as evaluated by flow 
cytometry analysis. 

Figure 4 provides a graph showing that decreasing the stain incubation period 
from, a conventional period of 60 minutes to about a 30 minute incubation period can 
increase motility, decrease % dead sperm cells in stained sperm cell samples, and. 
increase resolution of X-chromosome bearing sperm cells from Y-chromosome bearing 
sperm cells during flow sorting of stained sperm, cells. f v 

Figure 5 provides :ia . graph' showing that the addition of a stimulant, such -as : 
caffeine, can increase motility in sperm cells. ; . f . O^^i;- ^ 



j r .£ Figure 6 provides ^'♦graph\stib\^ • 
5rm cells can be increased lismg modified KMT prepared using NaH2P04 - { ' ^; v 




Sn6t;the j sperm cells are<exposed to .stimulant,, such as caffeine. . y^'Kp'i^ '.. '; ^jW^C 



4 ,r.. u: Figure 8 provides a graph showing that temperature can be adjusted for storing, 5 - , 
phiridli^^ 

v'; " Vofixnammal' to increase 'total :anid;'progr^si ve;mofility.l' : ",. y"'- ' ': :rf'- ;.F~T \ / : Ky' : %; 



Figure'9 provides V. a !graph . showing that : the temperature at which sperni - cells are ' 
transferred, stored, or handled prior to a staining protocol can be adjusted to increase total* '\ \ 
' or progressive motility ,of sperni cells, or stimulated sperm cells, or sperm cells 
stimulated with caffeine. - 
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Figure 10 provides a graph showing that temperature at which sperm cells are 
transferred, stored, or handled prior to a staining protocol can be adjusted to increase total 
or progressive motility of sperm cells, or stimulated sperm cells, or sperm cells 
stimulated with caffeine subsequent to a staining protocol. 

Figure 1 1 provides a graph showing that % dead sperm cells in stained sperm cell 
samples can be reduced by storing or transporting sperm cells at 15°C. 

Figure 12 provides a graph showing that sperm cells can remain more viable 
when sperm cell concentration during staining is at about 100 M/mL versus 200M/mL 
without loss of flow cytometry resolution. 

Figure 13 provides a graph showing that as stain concentration increases fewer 
sperm cells survive and resolution decreases I ' \\ 

. ■ i~ -* -v. i '' 

Figure 14 provides a graph showing that stain time can be substantially decreased /;; 

without loss of resolution between X-chromosome 'bearing , populations .^md;^^ 
chromosome-bearing populations of sperm cells.evaluatedby flow cytometery. ;■■ • ^ . 
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semen or sperm celKprocess- system ■ to .maintainor enhance the biological, • ; v r 
chemical, physical, physiological, or functional attributes of sperm cells within the r 
-:coritext of .various collecting, handling; storage^transportation,, separation, or . -v 
insemination procedures. v ; ~ c . r - * .;" ■'^£ m *\'£. 

EXAMPLE 1. 

Semen was collected from three stallions of acceptable fertility, extended to about 
-25 .x 1 0 6 sperm/mL in a Tyrode's-based skim milk -glucose extender, and stored for 1 8 h 
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at either about 5 W C or about 15°C. Following storage, spermatozoa were centrifuged to 
remove seminal plasma and concentrate sperm, stained with Hoechst 33342 (Hoechst), 
and sorted into enriched X-chromosome bearing and Y -chromosome-bearing populations 
based on DNA content using an SX MoFlo® sperm sorter. 

A final dose of about 20 x 10 6 flow-sorted sperm in a volume of 300 \iL was used 
for all inseminations. Estrus was synchronized in 35 mares ages 2 to 12. Human 
chorionic gonadotropin (hCG; 3000 RJ, iv; Chorulon®, Intervet, Millsboro, DE, USA) 
was administered when a dominant follicle >35 mm in diameter was present and mares 
were inseminated at approximately 30 h post-hCG. At the time of insemination, mares 
were assigned.to 1 of 3 treatment groups: 1) sperm that hadbeen stored at 15°C and "W 
inseminated using the videoendoscopic technique; 2) sperm stoTed at 5°C and also X 
inseminated using the videoendoscopic method; and 3) sperm stored 1 at 5 9 C and 'V 
inseminated using the rectallyguided technique. 

Mares were sedated immediatelyiprior to insemination using butbrphanol ;(4 mg; > ;.i> 
iv; Torbugesic®,-Ft Dodge Co., Fort'Dodge, IA, USA) and detomidine (6 mg, iv; 
Dorm'osedan®, Pfizer, Lees Summit/MO, USA): Mares were evaluated daily for '^u^-h 
; ; oyiilation^and rorily : those mares qyulating : within 48;h;after insemination were^included iriv J ;)V 

r ? .• ' - vr > .'^ .. .. -r >•». • . />• • < * '* 

V : the results/ ^ 

; /ovulation. Mares were administered prostaglandin F 2 a -at- day 1 6;post-o,vulation for use j % ;: 
/jin 2 subsequent cyclbs. • *.-^;*" ..." ' : ^h':4^ 

.//.: ^egnancy rates between jm^es i sorted spenxi ; ^ ? ; 

stored at T5°C was about*. 72%?or. at i5°C : .was -about -55%' a^ sho Wby .Tabl e 1 . : There-wks f n ■ 
a tendency (P=0.12) for fewermares to become pregnantVfollowing rectally . guided 
insemination (38%) compared to.hysteroscopic insemination:(55%) f when stored, sorted ' 
- sperm were inseminated. . % . .' : V^>'-. 
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Table 1. Pregnancy rates from hysteroscopic or rectally guided insemination of flow- 
sorted sperm stored at 5°C or 15°C. 



Storage temp. 
(°C) 


Insemination 
method 


Mares 
inseminated 


Mares pregnant 
(14 d) 


Pregnancy rate 


15 


Hysteroscopic 


25 


18 


72% a 


5 


Hysteroscopic 


22 


12 


55% a,h 


5 


Rectally guided 


24 


9 


38% b 


a ° Values in the same column with different superscripts 
(PO.05). 


are significantly different 



A.greater number of mares became pregnant following insemination with sorted 
sperm.stored prior to sorting at 15°C as, compared to 5°C. This effect was consistent 
across stallions as was fertility after storage at 1 5°C for 18 h prior to sorting, as compared 

to 5°c. ■ . V :v 

The expected pregnancy rate following insemination of 1 x 1 0 -stallion sperm . 
shippedby standard methods (5°C, 12 to 72 h) is 65%. The pregnancy rate obtained in V i'/'j- 
• the f present,study (72%)' is impressive, and shows-dramatic improvement over that J. ; t 

y-^obta^ 

: ' • ; ; incre^e^in*fertiU^ 

* 'rates M%ie presrat^dy would ^av^ 

this, application of the invention pregnancy:rates for all mares, inseminated . were ' < !#r : 

; ^exfrernel^low; ;; " . . - ;'• ' -V ••" , ;;/^v,;'r^^3- f -: ; : - '' *-r'V\.Vf"j? ^•■-•-'VV* : v-H^Mj'^r 

^ .Hysteroscopic insemination^ulte^inihi^er pregnancy rates than deep-uterine; (C'''^. 
Mnseiiiinatioifo y{Z} 
between ; videoendoscopic. and rectally guided insemination when shipped spenn were ' r ' 
used. However, those results did show a 12-percentiige point advantage d ' U;i k 

insemination. In contrast to that study, the present trial utilized flow-sorted sperm, which 
are known to'.be.in a pre-capacitated state, In summary, excellent pregnancy rates were .»,-' 
obtained with hysteroscopic insemination o£18 h stored, flow-sorted 'spermatozoa. 
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Pregnancy rates were higher for all three stallions when sperm was maintained at 
about 15°C as compared to 5°C. Hysteroscopic insemination with sperm stored at 15°C 
resulted in higher pregnancy rates than rcctally guided insemination of sperm stored at 

5°C. 

As such, the sperm cell process system invention can involve obtaining sperm 
cells from a male of a species of mammal, maintaining the sperm cells obtained from the 
male species of mammal prior to artificial insemination of a female of the species of 
mammal at a temperature(s) selected within the range of between 5°C and 25°C that 
generates a higher pregnancy rate of such females of such species of mammal. With 
respect to equine species, and particularly with respect to the species of equids disclosed, 
the temperature at which sperm cells obtained from equine males are maintained in : g< : , 
accordance with the invention to increase pregnancy rate f can be between about 10?Ct6 v j . v . 
about 20°C, and can specifically be about 1 5°C. See Examples below for appliciation^ : ; - * 
involving ,equids. See also, Example 8 below showing an -application of the inventiori^in^ 



/whichVsperrri^cells dbtained.from^maleof a sp^ 
pnortomsemuiationof cow elk:. - , ' <>- 4 t . .. } . v • , \ . r JV' 




: spemxeilsAobtmn male of "a species of ftnanmw 

m accordance with the invention. -Such transportation may have a .limited duration of less 1 



...... - 

1 than; an -hour ? c^ay fl JKour^nd'about 72 



'"'hbuTstora^^desaib^^ ! 



aratibn of less^ : ^ - 4- **> r " 1 . N r> ! »* * V 
id;about72 ; ;§*f .^^,:..:/Q^^ 

I UJ flJUUL ID JIUU16. . ... •• - v ■, ' 



The invention can furtheriinclude^the step of ^ staining the %errh: cells ^obtained 

■.' ' ' \v-&v- v .r, . • ■ .... - /- v • -. v ■ ■■ . - ! ^ V i'O • :'<hM:-' : ^*;^ 

from a rnale^of a species of '-mammal asaboye-described which have beeri^maintaiined at-a . . " W" - ' 



mammalr • • .. 

The invention can further include hysteroscopic or rectally guided artificial 
insemination of the female of the species of mammal. Specifically, as described by the 
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incorporation by reference included herein, hysteroscopic insemination of equine 
mammals with sperm cells sorted for sex preselection that may be handled in accordance 
with the instant invention and may further include a low number of sperm cells compared 
to the number of sperm cells typically used to inseminate a female of a particular species 
of mammal, including but not limited to equine mammals. 



EXAMPLE 2. 

Semen from eight stallions was extended to about 25 x 10 6 sperm/ml in each, of 
four shipping extenders, as. set out in Table 2. During simulated shipping for 1 8 h, 
samples were held at ambient temperature (20-24°C), except those extended in INRA96, 
which were stored at 1 5°C. Following storage, samples were centrifuged at 600 x g for 
10 min and pellets extended to 400 x 10 sperm/ml. After incubation at I9-24°Cfor Th' 
and dilution to 200 x 1 0 6 spenn/nil, sperm were stained at 34°C with 224 pM Hoechst .„ 
33342: for 1 h, and then diluted to 100 x 10 6 < sperm/ml in KMT. To simulate sorting ; : ; 
conditions, sperm were diluted to 700,000 sperm/ml ihHBGMO withoutBSA;andheld ; ; ^ : ■ 
; at?ambient temperature*^ 

, . was evaluated at four chemical environments as shown by Tabled. , >\ 

. ^/Ily^^ v..^..^,..- v-^v; :-- .- : / ^m>- v -^Jfost-ship /Ifre-Stain ^Post-Sta^ 

: "^V ; ^EZ?Mixin :CST; AnimReprod 'Systems, Chino; <CA ^ ; \59~ ■ 48 Uib ••' G^^^.- >47* ■, : 

• *• '^h-^Next^Generation; ExoduS:Breedere,;York,.PA^ : ^7 : ..:^/'- -*/S4.. .. • ;40 b r.v ■ : 27 b r '^^/rM&XX 
' : "' - ; vKMT; J AnimfSci:i;991;69:3308-3313 • ":;-;^t^;^^i v 64 - " ; -i:58" /. ^ • : 4<5°, V^.-?i^50^^S 

: f Hffl^ . <63 53 a ; > 43°^ ■ • > v 5 4° 

. •'/.Vv.V. : : ^.Values in the same colimm without common- su differ (P<0;05),v^Pukey.vS . ~ " " ; v, . 

• ■ lS: V| o v .';; ' '' ; As cari be understood from the data sef^^^ 

/ v C^'->\ maintained higher motility throughout. certain speim;cell;process procedures.. : * A;.?<:;;'. :. ! /•. 

^ . The sperm cell process system invention can; further include the step of extending 

sperm cells obtained from a male of a species of mammal in KM 

respect to. sperm cells obtained from the male of an equine species of mammal KMT can 
significantly increase sperm cell motility. 
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The sperm cell process system invention can further include the step of extending 
sperm cells obtained from a male of a species of mammal in INRA96, and specifically 
with respect to sperm cells obtained from the male of an equine species of mammal 
INRA96 can significantly increase sperm cell motility. 



EXAMPLE 3. 

Ejaculates from 8 stallions were extended to 25 x 10 6 sperm/ml in KMT, and 40- 
ml aliquots were placed at 5, 10, 15, 20, and 25°Cfor 18h. Samples were then processed 
similarly to methods of Example 2. Motility was evaluated both with and without 2 mM 
caffeine as a stimulant. Flow-rcytometric evaluation of % dead was done using propidium 
iodide staining. W ;.; 

Table 3. Percentage of motile sperm, after 18 h at varying temperatures (°C) (non-* 
stim./stim;). 



ft: 





Temperature 


Post-Shipping . 


Pre-Stain 


Post-Stain 


Post-High Dilution 


• %Dead 




.. .5 v 


63"763 uu . 


56756 


. 49749 s 


. 45*Y50 UU 


.28"".. 




*,.'*'. 10 • '-i-.r . 


,'' 62" b /63 a . >'• 


"58756 


48 al> /52 a 


• 45750*. -i: ; •' 


26" b 




* ' 15. 


.65764" 


^ 56754 , 


t 45 8b /51 a 


,. 45751" '- : -t-f 


. '23 a , 




' 20 . •• ' ■ 


'59 b 762 ab 


54 ab /56 . 


42 b /48 ab . 


4l747 ab 


• <■'-'' 




:'f ; ' ,25V--:' :;MvT: 


*■ ••••-V5<5759 b ; ''^'i- 


49 b /53 


35743" 


• • :. 35 b ^44 b ; ..\:.'c 


>'-. , 3l^ l H , f:- 




5 .',.;;, ■*? Values-mi 


he,same column ,wi 


ithout comm 


on superscript! 


5;differ(P<0.05). 





' As shown by Table 3, using KMT can reduce motili^dififi^ence wi s -\ 
storage or transportation temperatures of 5,10, or 15°C storage temperatures. ,< 



As sucK, the sperm, cell process system invention can further include the step of , ? > ^ > 

• -£ ; y r diluting or maintaining such spennicellso^^ / : v ; . 



diluting i 

mammal in such concentration(s) i of KMT prior to Staining such sperm cells with Hoechst 
stain and priorto flow Porting of Such sperm cells :•■*■' •■' ''.:>,;! \..'. ' ' -v^'^ • 
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EXAMPLE 4. 

Sperm cells in ejaculates from three stallions were initially evaluated for volume, 
concentration, and motility. The remaining portion of the ejaculates were extended with 
either KMT or EZ mixin with either 0% additional seminal plasma or 1 0% seminal 
plasma by concentration to the following sperm cell/stain concentrations: 50 xlO 6 
sperm/mL, 2.6jil Hoechst; 50 xlO 6 sperm/mL, 3.9^1 Hoechst; 1 50 xlO 6 sperm/mL, 7.8^1 
Hoechst; or 450 xlO 6 sperm/mL, 23.4 \il Hoechst and processed either immediately or 
after 18 hours storage at room temperature. Stained sperm cell samples were then 
evaluated for resolution and % dead by flow cytometry analysis, and motility was 
evaluated by fiirther diluting 20 ijl of each stained sperm cell sample with 1 40 i|l EZ f 
Mixin or KMT. 

Now referring primarily to Figure 1 , it can be understood that as stain *K - Si'j: 
concentration increases the total and progressive motility of sperm cells, and in particular 
• equine sperm cells, decreases, %.dead sperm cells increases, and the ability of flow 
cytometry techniques to resolve X-chromosome bearing sperm cells from'Y-chromosome^ 

1spenn>cellsVdecreases. ; V; ^rv'^T^ iv?*.; v ~ . :'J-..\\. \ >' .-. W--. \*y • ;s -"- 

. The sperm cellprdcess system invention can comprise a range of stain L ' - / 

■ concentratiori(s) that pro vides^enhanced total or progressive motility of .stained sperai- ;. : i 

ceils, resolution of X-chromoson^ '; 
c sperm cells during flow-sorting; qrdecrease,in the % dead sperm cells, compared to the - : ' 

range of stain concentration used in ^ 

.obtained from a particular species, or other ranges;of stain ; concentrations as disclosed, v ; 
Specifically for equine applications of : the invention, the range of ^tain concentration that 
can provide enhanced total or progressive,*enhanced resolution of X-chromosome 
bearing sperm cell from Y-chromosome bearing sperm cells during flow-sorting; or a 
reduction of the% dead sperm cells, in stained sperm cell samples can be between about 
50 xlO 6 sperm/mL, 2.6jal Hoechst; 50 xl0° sperm/mL, 3.9\i\ Hoechst. While results are 

10 
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less favorable the range of stain concentration can be between 150 xlO 6 sperm/mL, 7.8jal 
Hoechst to about 450 xlO 6 sperm/mL, 23.4 ^1 Hoechst. 

Now referring primarily to Figure 2, it can be understood that sperm cells 
extended in KMT remain more motile with respect to both fresh sperm samples and 
sperm samples stored for a duration of time at room temperature, such as 1 8 hours at 
room temperature. 

The invention can further include use of KMT as an extender to increase total or 
progressive.motility of fresh sperm cells, of sperm cells stored for a duration of time, for 
example up to 18 -hours or longer, or of sperm cells that are transferred or transported 
from a first location, such as the location at which the sperm cells are obtained from a , ; 
male mammal, to; a second or a plurality of locations where further processing of sperm 
cells obtained from the male mammal occurs, such as speimxell counting, separatioBioif ; * 
X-chromosome bearing sperm. cells from Y-chromosome bearing sperm cells, or V> • ■ 
preparation of sperm cell containing products including but not limited to .thfe * 
manufacture of straws of sperm for artifi cial insemination (whether sorted or not), or a 
^secorid^or, plurality ,bf locations -whereUiisemination of a female speci es of the mammal. V,: f 
occurs, opcj^tes are fertilized m-vitro, pr>the like ' . ; ! *f 

EXAMPLE 5;; A> . "■: ■ , , , . - ..... . .- : • . ....... • . : 

.•; vSpenm: cells in ejaculates from -three stallions, were initially.evaluated for volume^ 
concentration, aid motility". The remaining portion of each ejaculate was -extended iii ' 
KMT-to 25 ;x10 6 - spenn/mL and :storaa : :at : &Ttfor'n;8' hr. The stored ejaculates : were ,■ \& 
pelleted by centrifugation at 600g fof .^lO niin! Pelleted sperm cells were resuspended in :, 
KMT with Hoechst to generate sperm samples of 400 xlO c /sperm/mL-12.4 jul Hoechst, 
adjusted to either 7.1 pH .or 7.9 pH, and then; incubated at 34°C for either 30min or 
60min. Stained sperm cell samples were extended with :either lmL KMT with LIS pll/mL 
5% red food dye; lmL KMT >yith 2.0 M,l/mL : 5% red food dye; lmL KMT with 2.5 fxl/mL 
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5% red food dye; or lmL KMT with 3.0 jiI/mL 2% red food dye. Sperm cell samples 
were then evaluated for % dead and resolution by flow cytometry analysis, and motility 
was evaluated by further diluting treated samples in either 140 \il KMT: 20 \i\ sperm 
cells; 140 u\! KMT 2mM caffeine: 20-jjlI sperm cells; 140 \x\ KMT, 2.5 mM NaPyruvate: 
20 ^1 sperm cells. 



Tabic 4. Effect of Stallion 





Gunsmoke 


Rowdy 


Sylekt 




% Dead 


15.5 


16 


17.13 




Resolution 


5.81 


4.5 


5.88 














Gunsmoke 


Rowdy 


Sylekt 




Motility Oh 


55 


68.44 


59.69 




Progressive Oh 


43.13 


68.44 


56.25 




Motility 3h-None 


63.13 


65.94 


67.19 




Motility 3h-Caffeine 


66.25 


67.5 


69.38 




Motility 3h-Pyn)vate 


62.19 


67.19 


65.94 




Progessive 3h-None 


55.94 


65.94 


63.75 




' Progressive 3h-Caffeine 


63.13 


67.5 


69.06 




, Progressive 3h-Pyruvate 


56.56 


67.19 


63.13 




Table 5 . Effect of Stain pH 




- 






7.1 


7.9 




%Dead 


. 17.25- i 


15.17 




Resolution 


5.58 


5.21 














7.1 


7.9 




Motility Oh 


62.08 


60 




Progressive Oh • 


. 55.83 ; 


56.04 




Motility 3h-None 


'66.25 


64.58 




Motility 3h-Caffeine 


68.54 


66.88 




Motility 3 h-Pyruvate 


65.83 . 


64.38: 




Progessive 3h-None 


.62.29 


61:46 




Progressive 3h-Caffeine 


.67.5 


65.63 




Progressive 3h-Pyruvate * 


. .63.13 ... 


61.46 




Table 6. Effect of Food Coloring 








1.5 


.2 


2.5 


3 


%Dead 


16 


16.33 


16.17 


16.33 


Resolution 


5.33 


5.25 


5.5 


5.5 






1.5 


2 


2.5 


3 
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Motility un 


OU.*tx 


Ux..UO 




^0 17 
JV. 1 / 


Progressive Oh 


55.83 


56,67 


57.08 


54.17 


Motility 3h-Nonc 


64.58 


65.42 


66.25 


65.42 


Motility 3h-Caffeinc 


66.67 


68.33 


68.75 


67.08 


Motility 3h-Pyruvate 


64.58 


65 


65.83 


65 


Progessive 3h-None 


61.67 


61.67 


62.92 


61.25 


Progressive 3h-Caffeine 


65.42 


67.5 


67.92 


65.42 


Progressive 3h-Pyruvate 


62.08 


60.83 


64.58 


61.67 



Table 1. Effect of Stain Time (12 Samples only) 





30min 


60 min 


% Dead 


14.83 


16.17 


Resolution 


4.92 


5.5 






30 min 


60 min 


Motility Oh 


66.25 


62.5 


Progressive Oh 


62.08 


57.08 


Motility 3h-None 


65.83 


66.25 


Motility 3h-Caffeme 


66.67 


68.75 


Motility 3h-Pynivale 


64.58 


65.83 


Progessive 3h-None 


62.08 


62.92 


Progressive 3b-CafTeine 


65 


.67.92 


Progressive 3h-Pyruvate 


60.42 


64.58 



Table 8. pH and Stain Time 





7.1 




7.9 






30 min ' 


60 min 


30 mfn 


60 min 


% Dead 


. 15.67 


• 17 


14 - 


15.33 ■ 


Resolution i 


4,83 


5.83 - 




5.17 - 






7,1 




7.9 






30 min 


60 min 


30 min 


60 min 


Motility Oh 


65.83 . 


:• -62.5 . 


66.67 ^ 


62.5 


Progressive Oh 


61.67 . 


- -55.83 :\ 


62.5 


58.33 


Motility 3h-None . 


.65.83 


68.33 


. 65:83 


64.17 


Motility. 3h-CafTeme 


.66.67 . 


- .70 


66.67 


67.5 


Motility 3h-Pyruvate 


64.17 


.. 67:5 


65 


64.17 


Progessive 3h-None 


63.33 


:64;17 


60.83 


61.67 


Progressive 3h-Caffeine 


.65 


70 v 


65 


65.83 


Progressive 3h-Pyruvate 


.60.83 


• 66.67 


60 


62.5 



Tabic 9. Motility Stimulants 





None 


Caffeine 


Pyruvate 


Motility 3h 


65.42 


67,71 


65.1 


Progressive 3h 


61.-88 


66.56 


62.29 
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Now referring primarily to Figure 3, it can be understood that staining sperm cells 
at higher pPl can decrease the percent dead sperm cells as evaluated by flow cytometry 
analysis. 

Now referring primarily to Figure 4, it can be understood that decreasing the 
incubation period to stain sperm cells from the conventional period of 60 minutes to a 30 
minute period can increase motility, decrease percent dead sperm cells, and increase 
resolution of X-chromosome bearing sperm cells from Y-chromosome bearing sperm 
cells during flow cytometry. 

Now referring primarily to Figures it can be understood that the addition of a ./ 
stimulant such as caffeine at a concentration of about 2mM can stimulate motility in 
sperm cells and can be particularly effective in stimulating stressed equine sperm celis.^V 

As such, the invention can further include the step of adjusting the pH of the 
(solution in which sperm, cells obtained from the maleof a species of mammal are stained i 
"with a flourochrome, such as Hoechst. The pH of the stain solution can -be raised to ► -a pH ? 

^between. about;7.2ipH 

.sample or the one that generates a reduced or least % dead in a particular type of stained i. 
(sperm cell sample. Specifically, with respect to sperm -/ cells obtained from equine males v 
.the pH of the stain-solution can be raised to between about 7.5:pH.to.about,8.0 pH and . "i;. 
specifically can be 7.9 pH to reduce the % dead-equine, sperm* cells in stained sperm? cell: . 
-samples. 

The invention can further include the step ofreducing the period of time in which ' 
sperm cells are incubated in the stain solution to reduce the % dead in stained sperm 
samples or to increase motility, or increase resolution^ X-chromomsome. bearing 
stained sperm from Y-chromosome bearing stained sperm when flow sorted or otherwise 
separated based on DNA content. Depending on the application in which the invention is 
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employed, the period of time in which sperm cells are exposed to, incubated in, or are 
otherwise suspended in stain solution can be substantially reduced. The reduction in time 
can be 10%, 20%, 30%, 40%, 50%, or more from the amount of time typically used; or 
can be a reduction in time that reduces the number of dead sperm cells resulting from 
staining with a fluorochrome without a significant reduction in resolution during flow 
sorting; or can be a reduction in time that results in increased resolution during flow 
sorting without a significant increase in the % dead sperm cells in the stained sample. 
The amount of time that an equine sperm cell sample, for example, incubates in a staining 
solution of Hoechst ( as described above) can be between about 25minutes to about 50 
minutes to obtain greater flow sorting resolution or reduced % dead sperm cells, and can 
specifically be 30 minutes. The actual reduction in time can be determined to provide a 
desired balance between motility, % dead sperm cells, and flow sort resolution within aj 
population of sperm cells proximate to the time of stained. r : 

The invention can further include the step of adding a stimulant to the sperm cell ;v 
sample. The stimulant can be caffeine, .or a stimulant similar to caffeine, or a stimulant! 7 
that increases sperm cell motility or other sperm cell function or characteristic, yrhether 
/mechanical . or physiological. The stimulant can- be added; prior to^or after the ^enn cell.^^ 
is Exposed to a process step^suctiuas. storageV transportation, diluti^^ . Xo^. 

arisi^mation,OTtW 

,5inM caffeine can be used and specifically with respect to equine sperm cells a 2mM. ; V:! : fc "; 
.concentration of caffeine can.be used. .-.»,.■ \* v' v \Vi 

•EXAMPLE 6. . ' -,' f " / ' ; :v/*S. : < • •' " 
: Ejaculates from ten stallions were initially evaluated for volume arid 'sperm cell 
concentration and motility. The remaining portion 6£each ejaculate was extended in : . ' : 1 
either : KMT prepared using Na 2 H 2 P64 KMT or KMT prepared using KaH 2 PQ4 (KMT- 
mod;) to 25 xlO 6 sperm/mL and stored at 5°C, 10°C, 15°C, 20°C, 25°C for 18 hr. A 100 ' 
\i\ aliquot of treated sperm cells werethen diluted with 100 pJ KMTor 100 ^1 KMT, 
4mM caffeine and motility of the sperm cells was evaluated. The remaining portion of 
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the treated sperm cells in each sample were centrifuged at 600g for 1 0 min. the, 
supernatant aspirated to about 0.75 mL and the pelleted sperm cells resuspended in that 
volume. Post centriftigation motility of treated sperm cells was evaluated after dilution of 
20 jil of each sample with either 520 jil KMT or 520 jxl KMT, 2mM caffeine. 

Aliquots of 200 xlO 6 sperm/mL,12.4 jil Hoechst of each treatment group adjusted 
to 7.1 pH were incubated at 34°C for 60min. Stained sperm cell samples were extended 
with either lmL KMT with 1 .5 ^il/mL 5% red food dye. High dilution samples were then 
prepared by addition of 3mL KMT or 3mL KMT-mod. and 22mL 5mMHBGM-3 into 
1 75 |il stained sperm (at 1 00 xl 0 6 sperm/mL). 

Treated sperm cell samples were then evaluated for % dead and resolution by 
flow cytometry analysis, and motility was evaluated by further diluting treating samples 
in either 140 yd KMT: 20 ^1 sperm cells; or 140 pi KMT 2mM caffeine: 20 \xi sperm:;; , ; 
cells. : 



Table- 10. Effect of Stallion 





• Pship 


Pcent 


Pstain" ; ' 


Hdil 


,%dead 


resolution 


A " 


623 . 


52.5 " 


44.5 - 


47.5- : 


22.8 


5.7 


: ... .„ B w.-.- - 




-50 8 V ^ 


323- ^ 




- >41:«f -" : 


w 8.2 * 


C 


68.8 


62.8 


55.6 


AAA . 


21.4 


6.2 


D 


64.7 


58.4 


46:6 


. 48!4 


26.1 


7.3 


E 


65.3 


'57.8 


48:8 ' 


- .45.5 11 


'21:6 


"5.2 


G' 


.58:8 • 


58 


. S6:8 : 


» 37 ' ■ : 


1 30.7 ; : 


. . • -. . : -7v , ■ 


H * 


: 58 


. 51.5 


48.5" 


46:5 


25.2 : 


■ * 


J 


*58 


50 


41:8 


4K8 


17.9 


.6.8 


Table 11. Effect of Extender 




"Pship 


Pcent 


Pstain 


Hdil 


%Dead. 


Resolution 


KMT 


60.7 


52:8 : 


* ; 42.8 ' 


40:9 


26.6 : 


■ : 6:8 : 


KMTMod 


61.6 


57.1 ' - : 


■45,2:': "•■ 


44.4 \ i 


' 25:5 ' ■:■ 


."v.- 6:8 
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Tabic 12. Effectof Shipping Temperature 





Pship 


Pcent 


Pstain 


Hdil 


%Dead 


Resolution 


5 


62.5 


56.1 


48.8 


45 


27.9 


6.9 


10 


62 


58 


47.5 


44.7 


26.4 


6.8 


15 


64.7 


56.3 


44.5 


44.8 


23.1 


6.7 


20 


59.2 


53.6 


42.2 


41.4 


23.3 


6.6 


25 


55.8 


49.4 


34.6 


35.4 


31.4 


7.2 



Table 13. Post-Ship Motility 





Total 


Prog. 


Stim., 


T 

Stim.,Prog 




62.5 


59.2 


62.5 


61.4 


30 


62 


58.9 


63.3 


61.9 


15 


64.7 


62.7 


64.2 


62.7 


20 


59.2 


59.1 


62.3 


61.1 


25 


55;8 


55 


59 


57.9 



Table 14. Post-Centrifugation Motility 





Total 


Prog. 


Stim. 


T 

Stim.Prog 


5 


56.1 


55.6 


56.3 


55.2 ■ 


10 ' 


58 


-56.3 


-56.4 


54.4' =' 


15 - ' 


' 563 1 


• 56:1 


•53:6 ■ 


r52.2 ■ • 


.r20. ; ; 


sa -53:6' 


,52?8 ' ■* 


\ >56A • ' v 


. -55Y6 .» 


.25 


49.4 


48.5 


52.7 


51.9 



i 
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Tabic 15. Post-Staining Motility 





Tolal 


Prog. 


Stim., T 
Stim., 


Prog 


5 


48.8 


48.6 


49.1 


49.1 


10 


47.5 


47.2 


52 


51.9 


15 


44.5 


44.5 


51.4 


51.3 


20 


42.2, 


42.2 


48.1 


47.5 


25 


34.6 


34 


42.7 


42.7 



Table 1 6. Post-High Dilution Motility 





Total 


Prog. 


Stim., 


T 

Stim.,Prog 


5 


45 


45 


49.5 


49.5 


10 


44.7 


44.1 


49.5 


48.9 


15 


44.8 


44.8 


51.1 


51.1 


20 


41.4 


40.5 


46.9 


46.9 


25 


35.4 


36.9 


44.4 


-43.3 



p ; : ' " 

Table 17. Percent Dead and Resolution 





%Dead 


Resolution 


5 


•27.9 


6.9 


10 


26.4 


6.8 


15 


23.1 . 


6.7 


20 


23.3' 


6.6 


25 


31.4 


7.2' 



Table 18. KMT vs mod; Post-ship motility 





KMT 


mod 


5 


62.8 


.62.2 


10 


61.9 


62.2 


15 


63.4 


•65.9 


20 ' 


57.8 


60.6 


25 - 


56.3 . 


55.4 
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Table 19. KMT vs mod, High Dilution motility 





KMT 


mod 


5 


42.8 


47.2 


10 


44.4 


45 


15 


43.1 


46.6 


20 


40 


42.8 


25 


31.7 


39.2 



Table 20. KMT vs KMT-mod, Percent dead 





KMT 


mod 


5 


27.5 


28.4 


10 


26.4 


26.5 


15 . 


23.3 


23 


20 


23 


23.6 


25 


36:8 


26 



Now referring primarily to Figure 6, total motility and progressive motility of ~ 
sperm cells can be increased using modified KMT prepared using NaH 2 POU. 

Now referring primarily to Figure 7 it can be understood that total motility and 
.progressive motility of sperm cells after process steps such as staining for flow sorting 
•and steps an-whic^ (. J 

prepared using NaH 2 P0 4 whether or not the sperm cells are exposed to stimulant such as 
caffeine. 

Now referring primarily to Figure 8 it can be understood that temperature can be > 
adjusted for storing, handling, transferring, or transportation of sperm cells obtained from 
a male of a species of mammal to increase total and progressive motility. With respect to 
some sperm cells from certain species of mammals, storing, handling, transferring, or 
transportation at about 15°C can maintain highest levels of total or progressive motility of 
sperm cells or stimulated sperm cells. 



Now referring to Figure 9, it can be understood that the temperature at which 
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sperm cells arc transferred, stored, or handled prior to a staining protocol, such as 
described above, can be adjusted to increase total or progressive motility of sperm cells, 
or stimulated sperm cells, or sperm cells stimulated with caffeine. With respect to certain 
embodiments of the invention, including those in which equine sperm cells are processed, 
storage, transfer, or transport temperatures of between about 5°C to about 20°C can 
increase total and progressive motility of sperm cells. Moreover, with respect to 
stimulated sperm cells processed in accordance with the invention, including those 
embodiments of the invention in which equine sperm cells are stimulated with caffeine, 
handling, storage, or transfer temperatures between 5°C to about 20°C can also increase 
total and progressive motility. Specifically, embodiments of the invention used to 
process stimulated equine sperm cells comprise temperatures between about 10°C to 
about 15°C for handling, storing, or transferring of stimulated equine sperm cells. 

Now referring to Figure 10, it can be understood that the temperature .at which : , - 

* ■*.'■■'.!. . 

sperm cells are transferred, stored, or handled prior to a staining protocol, such as : 
1 described above, can be adjusted.to increase totall or progressive motility of. sperm cells, 
or stimulated sperm cells, or sperm cells stimulated with caffeine subsequent :to a staining- 
protocol. With respect to certain^embodiments of the invention, including those in vwh'icli 
equine sperm cells are processed, storage, transfer, or; transport temperatures of between* 
about r 5°C to about 20°C can^incr^ t?t y .,,^ 
subsequent to staining protocols. /Moreover, with respect to stimulated sperm cells 
processed in accordance 5 with the invention, including those embodiments of the 
^invention in which include equine sperm cells stimulated with caffeine, handling, 
storage, or transfer temperatiires-between 5°C -to about 20°C can also increase totil and 
progressive motility. Specifically, embodiments of the. invention used to process 
stimulated equine sperm cells comprise temperatures between about 10°C to about ■ 15°C 
for handling, storing, or transferring of stimulated equine sperm cells. 

Now referring to Figure 11, it can be understood that % dead -of sperm cells after 
staining as described above can be reduced by storing or transporting sperm cells at 15°C. 

20 
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EXAMPLE 7. 

Ejaculates from twelve stallions were initially evaluated for volume and sperm 
cell concentration and motility. The remaining portion of each ejaculate was extended in 
KMT to 25 x 1 0 6 sperm/mL and stored at 15°C for 1 8 hr. Post storage motility was 
evaluated using 100 \i\ aliquots of treated sperm cells were then diluted with 100 p.1 KMT, 
4mM caffeine. The remaining portion of the treated sperm cells in each sample were 
centrifuged at 600g for 1 0 min. the supernatant aspirated to about 1 .50 mL and the 
pelleted sperm cells resuspended in that volume. Treated sperm cells were extended to 
400 xlO 6 sperm/mL and aliquots transferred to a staining tube for treatment as follows: 

1 . 200 x 1 0 6 sperm/mL, 8 .68 jil Hoechst 7. 1 pH, incubated at 34°C for 60min 

2. 200 xlO 6 sperm/mL, 1 0.54 Hoechst.7. 1 pH, incubated at 34°C for 60mm 

3. 200 xlO 6 sperm/mL, 12.44 \il Hoechst 7:1 pH, incubated at 34°C for 60min 

4. 200 xlO 6 sperm/mL, 8.68 fil Hoechst 7.1 pH, incubated. at 34°C for 30min 

5. 200 xlO 6 sperm/mL, 10.54 \i\ Hoechst 7.1 pH, : incubated at 34°C for 30min ;.• ' 

6. 200 xl0 6 sperm/ntL, 12.44,^1 Hoechst 7.1 pH, incubated at 34°C for 30min \.\\; V.:.: 

7. 100 xlO 6 sperm/mL, 4.34^1 Hoechst 7.1 pH;' incubated at 34°Qfor 60min ' 

9. lOO.xlO 6 ^erm/mL 5 6.22 \il Hoechst 7.1 pH, incubated at 34°C for 60min 

1.0. 100 xlO 6 sperm/mL, 4.34 \il Hoechst 7.1 pH,,incubatedat 34°C for30min' , ' V • .." 

U. 100 xlO 6 sperm/mL, 5.27 yd Hoechst 7.1-pH, incubated at 34°C for 30min 

12. 100 xlO 6 sperm/mL,6;22 \i\ Hoechst 7.1 pH, incubated at 34°C for 30min 

Each stained sperm sample was diluted to '75 xl O 6 sperm/mL with KMT, 0.75 
p.l/mL 5% red food dye: High ; dilution samples were then .prepared by addition of 3mL 
KMT and 22mL 5mM HBGM-3. into 234; jllI stoned sperm cell sample (at 75 xl 0 6 
sperm/mL). Each stained spexm cell sample w,as then evaluated for % dead and 
resolution by flow cytometry .analysis, and motility was evaluated in.KMT and KMT, 



€> 0*+0 O "+B fv O 7" H EO H! 



2mM caffeine. 

High dilution samples were then prepared by addition of 3mL KMT and 22mL 
5mM HBGM-3 into 234p.l stained sperm cell sample (at 75 xlO 6 sperm/mL) and 
incubated at RT for about 1.5 hr. High dilution sperm cell samples were then evaluated 
for motility in KMT and in KMT, 4mM caffeine 

Now referring primarily to Figure 12, it can be understood that sperm cells remain 
more viable when sperm cell concentration during staining is at about 100 M/mL versus 
200M/mL without loss of resolution. 

Certain embodiments of the sperm cell process system invention can further 
- include the step of diluting sperm cells obtained from a male of a species of mammal to 
between about 75 M/mL and 200 M/mL to obtain a concentration of sperm cells that 
reduces, minimizes, or in which % dead in the sample after staining does not decrease 
with further increase in dilution of the sperm cells. Specifically, with respect to some . ; • 
embodiments of the invention the concentration of sperm cells can be less than-200M/n£L - , : 
and with respect to equine sperm cells canbe about . 1 OOM/mL to reduce the number of ■%?.: ^ ; -v*C." 
dead as evaluated by flow cytometry subsequent to the above described staining W V; . 
procedure.. 

Now referring primarily to Figure 13, it can be understood that as .stain 
concentration increases fewer sperm cells sufvive and resolution decreases. ' 

Now referring primarily to Figure 14, it can be understood that stain time can be , 
substantially decreased without loss of resolution between X-chromosome bearing 
populations and Y-chromosome bearing populations of sperm cells evaluated by flow 
cytometery. 

As such, embodiments of the invention can further include the step of decreasing 
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the stain concentration used in the stain protocol described above until the % dead in the 
stained sperm cell samples does not substantially decrease further, and can further 
include the step of decreasing the stain concentration used until the resolution of X- 
chromosome bearing sperm cell from Y-chromosome bearing flow cells yields a sorted 
sperm cell sample of less than 60% purity; or less than the % purity necessary or desired, 
such as 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%,94%, 95%, 96%, 97%, 
or 98%; or less than that which can be achieved for sperm cells from that species of male 
mammal; or not less than flow sorting one of or both of X-chromosome bearing or the Y- 
chromosome bearing from one another at a sort rate of not less than between about 500 
sorts/sec to about 1000 sorts/second, between about 750 sorts/sec to about 1250 
sorts/second, between about 1000 sorts/sec to about 1500 sorts/sec; between about 1250 
sorts/sec to about 1750 sorts/sec; between about 1500 sorts/sec to about 2000 sorts/sec; 
between about 1750 sorts/sec to about 2250 sorts/sec; between about 2000 sorts/sec to \. 
about 2500 sorts/sec; between about 2250 sorts/sec.to about 2750 sorts/sec; between 
about 2500 sorts/sec to about 3000 sorts/sec; between about 2750 sorts/sec to about 3250 
sorts7sec; between about 3000 sorts/sec to about 3500 sorts/sec; between about 3250 
sorts/sec to about 3750 sorts/sec; between: abouf: : 3500 , sorts/sec io about 4000 sorts/sec;* 
between about 3750 -sorts/sec to about 4250. sorts/sec; between about 4000 sorts/sec to - V. 
about 4500 sorts/sec; between about 4250 sorts/sec to about 4750 sorts/sec; between v 
;abbutl45Q0^ . . -v ..-..- f V v 

EXAMPLE,* 8. INSEMINATION OF COW, ELK WITH SEXED FROZEN SEMEN 

Cow elk3-6-yr -of age in Colorado and Minnesota were synchronized for estrus in, 
Sepfember.by insertion of a progesterone CIDR/into, the vagina -for 12-14d. Upon 
removal of the CIDR, 2:00 IU of eCG was administered intramuscular and elk were 
timed-inseminated 60 h later. Fresh semen was collected via electro-ejaculation from a 
5-yr old bull elk and slowly cooled over 4 h to about 20 9 C for transportation as a neat 
ejaculate to the sperm-sorting laboratory: The ejaculate was concentrated to 1 x 10 9 
sperm/ml for straining by centrifuging 1.5 ml aliquots for 1 0 sec at 15^000 x g. Semen 
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was incubated in 1 12 |iM Hoechst 33342 at 200 x 10° sperm/ml in a TALP medium for 
45 min at 34°C, and then diluted to 1 00 x 10 6 /ml for sorting. Sperm were sorted on the 
basis of differing DNA content of X and Y chromosome-bearing sperm. X chromosome- 
bearing elk sperm contained 3.8% more DNA than Y chromosome-bearing sperm. 
Sperm were flow-sorted over a 4 h period using MoFloOSX operating at 50 psi with a 
TRIS-based sheath fluid. The 351 and 364 bands of an argon laser, emitting 150 mW, 
excited Hoechst 33342 dye bound to DNA. Both X and Y chromosome-bearing sperm 
were collected (-92% purity as verified by reanalyzing sonicated sperm aliquots for 
DNA) were collected at -4,700 sperm/sec into tubes containing 2 ml of 20% egg yolk- 
TRIS extender. Sorted volumes of 15 ml were sequentially collected. Approximately 
1 10 x 10 6 sperm of each sex were sorted and cooled to 5 °C over 90 min. An equal 
volume of glycerol (12%) containing extender was added to the sorted volume at 5 °C. 
Sorted sperm aliquots containing 30-ml were concentrated by centrifugation at 4 °C for : 
20 min at 850 x g. Sperm pellets were pooled, adjusted to 21 .7 x 1 0 6 sperm/ml and 
loaded into 0.25-ml straws. Each straw, containing 5 x 10 6 total sperm, was frozen in 
liquid nitrogen vapor. As a control, 5 x:10 6 : total sperm from the same ejaculate were 
frozen in 0.25 ml straws at the same time as the sexed sperm. After thawing for 30 sec at 
37 °C, 65% and 60% of sperm (control and sexed^respectively) were progressively 
motile as determined by -visual estimates. Cows.at.3 different locations .and management 
vSchemes*we^ V 
body . Pregnancy was determined 40-d post insemination by assaying blood for 
Pregnancy-Specific Protein B (Bio Tracking,. Moscow, Idaho). Ten cows at one location 
were in poor condition at the time of insemination .arid no pregnancies were achieved 
with sexed or control sperm. The pregnancy. Tate at* the other locations with sexed sperm 
(61%; 11718) was similar to .that for control inseminates (50%; 3/6). These pregnancy 
rates (sexed and controls) resulted from, fewer sperm than are used in normal elk artificial 
insemination. Nine of eleven (82%) of sexed calves were of the predicted sex. 

The invention can further, include a mammal produced in .accordance with any of 

the above described embodiments, of the invention,^ can include a mamma] of 

predetermined;sex in accordance with the various embodiments . of the invention that 
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provide sperm cell insemination samples having an enriched population of either X- 
chromosome bearing sperm cells or enriched population of Y-chromosome bearing sperm 
cells, or a mammal produced in accordance with any embodiment of the invention in 
which a sperm cell insemination sample containing a low number of sperm cells 
compared to the typical number used to inseminate that particular species of mammal is 
used, or elk progeny produced in accordance with the invention as described above. 

As can be easily understood from the foregoing, the basic concepts of the present 
invention may be embodied in a variety of ways. It involves both a sperm cell process 
system including both techniques as well as devices to accomplish sperm cell processing. 
In this application, various sperm cell processing techniques are disclosed as part of the 
results shown to be achieved by the various devices described and as steps which are 
inherent to utilization. They are simply the natural result of utilizing the devices as 
intended and described. In addition, while some devices are disclosed, it should be 
understood that these not only accomplish certain methods but also can be varied in a 
number of ways. Importantly, as to all of the foregoing, all of these facets should be 
understood to be encompassed by this disclosure. 

The discussion included in this provisional application is intended to serve as. a v 
ibasic description. The . reader should .be ..w^re' ( jQ^ r .^e\.§i^ific discussion . may -not 
explicitly describe all embodiments possible; many alternatives are implicit. It also may 
not fully explain the generic nature of the invention and may not explicitly show how 
each feature or element "can actually be representative of a broader function or of a great 
variety of alternative or equivalent elements. Again, these are implicitly included in this 
disclosure. Where the invention is described in deviceTpriehted terminology, each 
element of the device implicitly performs a . function. Apparatus claims may not only be 
included for the device described, but also method or process claims may be included to 
address the functions the invention, and each -element performs. Neither the description 
nor the terminology is intended to limit the scope of the claims which will be included in 
a full patent application.: 
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It should also be understood that a variety of changes may be made without 
departing from the essence of the invention. Such changes are also implicitly included in 
the description. They still fall within the scope of this invention. A broad disclosure 
encompassing both the explicit embodiment(s) shown, the great variety of implicit 
alternative embodiments, and the broad methods or processes and the like are 
encompassed by this disclosure and may be relied upon when drafting the claims for the 
full patent application. It should be understood that such language changes and broad 
claiming will be accomplished when the applicant later (filed by the required deadline) 
seeks a patent filing based on this provisional filing. The subsequently filed, full patent 
application will seek examination of as broad a base of claims as deemed within the 
applicant's right and will be designed to yield a patent covering numerous aspects of the 
invention both independently and as an overall system. 

Further, each of the various elements of the invention and claims may also be 
achieved in a variety of manners. This disclosure should be understood to encompass 
each such variation, be it a variation . of an embodiment of . any apparatus embodiment, a 
method or process embodiment, or even merely a variation of any element of these. 
Particularly, it should be understood -. that as the disclosure relates to elements of the . 
invention, the words for each element may be expressed by equivalent apparatus terms . or 
. method terms -- even if: only the;function or resultrislhe.^ 

or even more generic terms should be considered to be encompassed in the description of 
each element or action. Such terms can be substituted where desired to make explicit the 
implicitly broad coverage to which this invention is entitled. As but one example, it 
should be understooid that all actions may be expressed as a means. for taking that action 
or as an element which causes thaf action. Similarly, each. physical element disclosed 
should be understood to encompass a . disclosure of the action which that .physical element 
facilitates. Regarding this last aspect, as but one example, the disclosure of a "flow- 
sorter" should be understood to encompass disclosure of the act of "flow-sorting" — 
whether explicitly discussed or not — and, conversely, were there effectively disclosure 
of the act of "switching", such a disclosure should be : .understood to encompass disclosure 

of a "flow-sorter" and even a "means for flow-sorting" Such , changes and alternative 

26 



£p O'M-O D *#•» ifi. . O 7 2 E: O iP 



terms are to be understood to be explicitly included in the description. 

Any acts of law, statutes, regulations, or rules mentioned in this application for 
patent; or patents, publications, or other references mentioned in this application for 
patent are hereby incorporated by reference. In addition, as to each term used it should 
be understood that unless its utilization in this application is inconsistent with such 
interpretation, common dictionary definitions should be understood as incorporated for 
each term and all definitions, alternative terms, and synonyms such as contained in the 
Random House Webster's Unabridged Dictionary, second edition are hereby 
incorporated by reference. Finally, all references listed in the list of References To Be 
Incorporated By Reference In Accordance With The Provisional Patent Application or 
other information statement filed with the application are hereby appended and hereby 
incorporated by reference, however, as to each of the above, to the extent that such 
information or statements incorporated by reference might be considered inconsistent 
with the patenting of this/these invention(s) such statements are expressly not to be 
considered as made by the applicants). 

Thus, the applicants) 'should be understood to claim at least: i) each of the sperm 
cell processing devices as_Jierein disclosed and . described, ii) the related methods : 
.disclosed .and 'described, yiii^ arid-even ^implicit variiffiora 

these devices and methods, iv) .those alternative designs which accomplish each of the 
functions shown as are disclosed and described, v) those alternative designs and methods 
which accomplish each of the functions shown as are implicit to accomplish that which is 
disclosed and described, vi) each feature, component, and stepjshown as separate and 
independent inventions, vii) the applications ..enhanced by the viarious systems .or 
components disclosed, viii) the resulting products produced by . such systems .or 
components, and ix) methods and apparatuses substantially as described hereinbefore and 
with reference to any of the accompanying examples, x) the various combinations and 
permutations of each of the elements . disclosed, and xi) each potentially dependent, claim 
or concept as a dependency on each and every one of the independent claims or concepts 
presented. In this regard it should be understood that for practical reasons and so as to 

27 



A O J* O O MhS £ O 7' E E O ii 



avoid adding potentially hundreds of claims, the applicant may eventually present claims 
with initial dependencies only. Support should be understood to exist to the degree 
required under new matter laws — including but not limited to European Patent 
Convention Article 123(2) and United States Patent Law 35 USC 132 or other such laws- 
- to permit the addition of any of the various dependencies or other elements presented 
under one independent claim or concept as dependencies or elements under any other 
independent claim or concept. Further, if or when used, the use of the transitional phrase 
"comprising" is used to maintain the "open-end" claims herein, according to traditional 
claim interpretation. Thus, unless the context requires otherwise, it should be understood 
that the term "comprise" or variations such as "comprises" or "comprising", are intended 
to imply the inclusion of a stated element or step or group of elements or steps but not the 
exclusion of any other element or step or group of elements or steps. Such terms should 
be interpreted in their most expansive form so as to afford the applicant the broadest 
coverage legally permissible. 
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